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Stantec Consulting Ltd, 2014. River Forecast

Performance Measures Development Project
Final Report, Alberta Environment and

Sustainable Resource Development,
Edmonton, AB CBRFC 785,932 km? 5 ~ 1:1,000,000

UD&FC : 7,770 k2" 100,000
FCDMC 13,985km?
ASWFN 295,280km?

~ 1:1,000,000

Challenge 3. 7800 ~ 1:500,000
Very limited resources K 0.5 M ~180,000

JJUUE. (170 785,00 ~1:24,000

A

i

71,000 km? 16,000 ~ 1:1,000,000
650,000 km:? ~ 1:50,0¢ 3 M ~1:1.000.000

ARFCWB* C Not available

HIC* . Mot available : 16
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minutes each day)
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Challenge 4.
Very limited time for
modeling (about 90

minutes each day)
Challenge 3.

Very limited resources

Challenge 2.

Tremendous heterogeneity
Challenge 1.

Supper large areas

Channel Links Evolution
Routing (CLEVER) Model
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2. Model structure — watershed simplification
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2. Model structure — \Watershed routing

Groundwater
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2. Model structure — Open channel routing
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Lumped Watershed Routing Sub-model Distributed Open Channel Routing Sub-model
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oo o — An improved kinematic wave scheme

PEACE RIVER AT HUDSON HOPE (07EF001) /6’( emalic wave 0/ (S)d//( 2 %’( ant Ef- uation;
2000 ( 2Q 94

1800 =0
1600 A\

1400
1200

1
Qij =VijAij V;= SORZ/3
200 &SO - A2R4/3

Finite afffw&we with the )D/‘&/&?/i(d/(/( soheme.:

400 A e At(Qi—1j + Qi—qj-1 — Qi,j—l)_'l' Ax(A;j—1 + Ai—1jo1— Ai—af)

200

0 . . . . . by AV, ; -+ Ax

02-12 02-13 02-14 02-15 02-16 ,
Date (MM-DD in 2016) ya/(f/mw -> /f@/"df/ﬂ/{

Highly regulated hydrograph ( )(k) At(Ql 1,j + Qi 1,j-1 Ql} 1)+Ax(AlJ 1+ A 1,j-1 " Aj— 11)
Lj
At(VU) Y4 Ax

Discharge (m3/s)

— OBS (07FD010) LUO_SCN1

Qi—1,j—1 — Qi—1,j—2

i | = Qi-1,j = Qi-1,j-1 o) =max{0min(LO)] -y s 1

Umiter

Discharge (m3/s)

} \'/ N _ i—1,j y ] Ql] 1)+Ax(Al 1,j-1 — i—1,j)

0 20 40 60 80 100 120 ] X ] + Ax
Time (hour)
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S — An improved Kinematic wave scheme

OBS (07FD010) CLEVER_SCN1 CLEVER_SCN2  ---CLEVER_SCN3
—-- CLEVER_SCN4  --- CLEVER_SCN5  — —CLEVER_SCN6  —--CLEVER_SCN7

1800

Luo, C. 2021. Comparing Five Kinematic Wave
Schemes for Open-Channel Routing for Wide-Tooth-
Comb-Wave Hydrographs. Journal of Hydrologic
Engineering, ASCE, 26 (4).

1600

1400

Discharge (m3/s)

1200

1000

60
Time (hour)

Table 2. Basic scenarios

River
length Ax Ax/At River
(km) (km) S (m/s) segments Scenario

0.278 150 SCNI
0.694 60 SCN2
1.389 30 SCN3
2.083 20 SCN4
2.778 15 SCNS
6.944 SCN6
13.889 SCN7

150
150
150
150
150
150
150

Note: Ar = 1 h = 3.600 s. 60

Time (hour)

th

N

Discharge (m3/s)

= e U
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— An improved temperature-index snowmelt model

A small basin such as:
Kanaka Creek Water balance equation:

W=R+M+G—-—FE—1

08 MH(Q76 strict

Time
Efficiency

A forest
stand
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E Microsoft Visual Basic for Applications - [Modulel (Code]]

%Eile Edit View |nsert Format Debug Bun  Tools  Add-Ins Window _-H
HE-d bon om kB o @ (L5 Col BEERE

SR T (General) ~| [cLosE_sus_mp_FiLES

= 3 1B B
E Microsoft Visual Basic for Applications - [Module? (Code]]
=-&3 VBAProject (CLM_0MOD

E@Mu:r-:usnftEx-:elObjects %Eile Edit View Inset Format Debug Bun  Toels Add-Ins Window  Hel
EE-d & b0 @ 6 S EFY @ in119s Col _HEERS

Project - VBAProject ﬁ |:General] ~— j |FiveMinuteQ_to_HDurl1_.r

— i E Microsoft Visual Basic for Applications - [Module3 (Code)]
&4 VBAProject (CLM_OMOD
422 Module2 El {55 Microsoft Excel Objects % Edit View |Insert Format [ebug Bun  Tocols  Add-Ins ﬂinduwrﬂd'ﬁ

-y, Module3 : B Sheet13 (TP_DI : § e @4m ,
ﬁ Mﬂdﬂ; ShZZH WEFOPDELISTPG} e # AR YT @ |[Lnses, Col g D0k

i ok : —
2% Modules . -EH] sheet79 (CHLINKS) Project - VBAProject X| (General e ~| [HrPERLINK FIGURES_TO

.@ This\Warkbook = =

IE ﬁ VBAProject (CLM_0MOD Range ("A1S:A20™) .Select

El @ Microsoft Excel Objects With Selection
B8] Sheet13 (TP_DIST) HorizontalAlignment = xXlLeft

erticaldlignment = x1Bottom

‘e&g Module4 . | Sheet4 (MODELING)
2 Modules | Sheet?3 (CHLINKS) -WrapText = False

@ ThisWorkbook LOrientation = 0

El@ Modules .hBddTndent = False
‘% Module1l IndentLevel = 0

.ShrinkToFit False

5> modules . = foeonier | e
-4 Modules End With
12,492 lines
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5. Codes and user interfaces

AutoSave (@ off) CLM_OMODELxIsm - Excel }3 Search

File Home Insert Page Layout Formulas Data Review View Developer Help ACROBAT I Share 2 Comments

.f‘\: =C2

A B C D G H | N o P 3 T U
STARTING DATE 2021-03-31| 2021-04-20| FORECAST DAY FRESHET STARTS ON:  01-01 MODEL RUN ON: 2021-04-20 The following buttons are
ENDING DATE 2021-04-29 | 2021-04-20| TODAY FORECAST STARTS ON:~ 01-21 SIMULATED FM: 2021-03-31 for running on C drive only:
NO SIM/FORDAYS 30 10 SIMULATED TO: 2021-04-29
INPUT PATH INPUT\
0BS CLIMATE DATA CLIMATE_OBS.xlsx
FOR CLIMATE DATA CLIMATE_FOR.xlsx
OBS FLOW DATA DISCHARGE_OBS.xlsx
OBS FLOW DATA HR DISCHARGE_OBS_HOUR.xlsx
OUTPUT PATH OUTPUT\ 0fALL
CALIBRATION PATH CALIB opEN | L1FRASER
SUB-MD | 2-2NTWEST
——, 3-3NTEAST
CLOSE | g asTINTE

Copy input data files from G
drive if running on C drive

METHODOLOGY AND MACROS DEVELOPED BY:
DR. CHARLES LUO, P.ENG.
BC RIVER FORECAST CENTRE, JUNE 2013

WATERSHED
ROUTING ONLY

CHANNEL
ROUTING ONLY

Backup Sub-Model files to G
drive if running on C drive

FORECASTING
DEMO ONLY
FORECASTING

CLEVER MODEL STANDS FOR:
CHANMEL LINKS EVOLUTION EFFICIENT ROUTING MODEL

CLEVER MODEL

SUB-MD | c core wi (WATERSHED & CHANNEL ROUTING) MSGB

WATERSHEDS 311 ALL 191 CHAMNMEL LINKS MNO MSGE
REDP 08KA007 1FRASER UPDATE DISCHARGE DATA ONLY REDP MCER 1 1FRASER MSGB
MCER 08KA005 1FRASER MCBR MORK 1FRASER

DORE 08KA001 1FRASER MORK _FRTP 1FRASER

MCKA 08KA009 1FRASER ERTE BOHA 1FRASER

MORK 08KA013 1FRASER BOWN BOHA 1FRASER

ERTP 99FK004 1FRASER BOHA HANS 1FRASER

EXPT 5TA
10:13 AM
10:14 AM
ENDED

EXPT STA
10:14 AM
10:24 AM
EMDED

EXPORT
FORECAST

EXPORT
CALIBRATION

TORP
BOWR
HANS
MGRE
WLLW
SMPG
SHEL
NBCF
STEL
NTLY
NVDH
DRIF
TSI
STUA

21| NECH
TPDIST | CHLINKS

W~ O L W ke

=
[=]

=
[

=
M

=
L

=
=

&

=
[=)]

=
~l

=
=]

=
[¥:]

[
[=]

99FK003 1FRASER
08KD007 1FRASER
08KAD04 1FRASER
08KBOO3 1FRASER
08KDOOR 1FRASER
08KC001 1FRASER
08KBOO1 1FRASER
08JA017 1FRASER
08)B002 1FRASER
08JB002 1FRASER
08JC001 1FRASER
08]D006 1FRASER
08JE0O4 1FRASER
08JE0O1 1FRASER
08)C002 1FRASER
MODELING

Default path: "cALIB\"
CLM_PARAM_1-1FRASER_2021-04-20.xlsx
CLM_PARAM_2021-04-20.XL5X

CLM_PARAM_1-1FRASER_2021-04-20.xIsx
RESTORE WATERSHED PARAMETERS FM: | = = = |

SAVE WATERSHED PARAMETERS TO:

A PATH (blank if on "CALIB\")

Posting clever, cleverl, clever2,
and clever3 to PROD server:
\\answer.bcgovienvwww\rich,

Posting clever only to
PROD server: \\answer.
begov\envwww\rfc),

HANS HAMG

MGRE HAMG

HAMG SMPG

SMPG SHEL

NBCF NTLY

NTLY NVDH

NVDH WVDST

STUA VDST

VDST MNECH

NECH CHLA

CHLA BSFG

SHEL BSFG

BSFG SFGE

SFGE WSRD

NAZK WSRN

Wooo =] LN

I T = e e
EEEESRLGREREREE

1FRASER
1FRASER
1FRASER
1FRASER
1FRASER
1FRASER
1FRASER
1FRASER
1FRASER
1FRASER
1FRASER
1FRASER
1FRASER
1FRASER
1FRASER

Model control
interface
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Watershed parameter panel Hydrograph area

= F - 3 3 i H 1 4 K L 2] i 0 F o F = T u y w ] I z £ £E A a0 HE aF a5 AH il ad Ak AL A At an aF A AR A= AT AU A aw i A Hz
] . — DATE  HOUR |o_0ES ’Q_EST_V H_ESTim R_CLim: H_CLim) &_EST DATE  ©_OBS GLEST G_EST_b R EST_MAY
3 AREA (kmz)[ EAM0ELFOST-DAILY WATERSHED TYFE[Hatural] _ 3-31 1 ZET 1436 0ed 24309 575 28076 033 EEREIE 20.5Rd ETT.HEE ZEATE
) AVERAGE ELEVATION im]LNSI]-HOURL\' THOMPSOM RIVER NEAR SPENCES BRIDGE (08LF051) - HOURLY THOMPSON RIVER NEAR SPENCES BRIDGE (08LF051) - DAILY H ZET 143 w0 Z3RIEY LETI Z3IE 0d-01 | ZEOFOR ZTEMOE ETT.TEY EVEASE
1 0_08s —— 0 EST #-0_085 —— 0 EST O_EST_MIN ——_EST_MAX E 67 1477 0093 23Eald 1572 283w 04-02 | BEAARE 291031 2TEA34 2EEeat
5 STORAGE CONSTANT[  &.20] CALCULATED FROM ARES AHD FACTOR: 0.2 - 15 200 700 ] IET 14Tz 00e3 ZRLTER L6TH ZERESE 0d4-0F | EEZA4] ZET.FA9 ER.0GE ZEeS0%
6 | OR T0 STORAGE GONSTANT[L 8| CHANGE SHAFE OF HYDROGRAFH, GREATER, FLATTER ! ! 5 EST.I3I 1464 PE3ETd EELITT 2ET.051
7 HYDROGRAFHGOHSTANT] 4] GHAHGE FEAK OF HYDROGRAFH, SREATER, HIGHER | i 2EE 4% i pssens zlzer EeeieT
# | ETFLOW (W FEAK ZHIFT Ch A O 1 |1-RUNGROUNDWATER MODEL il . 7 ERE X Zou521 EWESEE B3
[ BASEFLOW (m3dr)] 1 0] INITIAL G4 STORAGE (mem) A ] 268 1465 0 u t p u t a ta HM2EPd MOETET MEAgE
0 [ 0IL MOISTRUE DEFICIT (e[ 00 Z000] M3 GW STORAGE (mm) 2] ¥ 00 [ HE Aade o 3E1758 FE.4d9 FZRTET
N[ INFILTRATION RATE (mmeh)[ 030l 2000| G RELEASE THRESHOLD (m34r) - = 10 255 14dd H S196E BAA0E 3ERIZE
12 | WP OTRANHSFIRATIOH mmAh)[ 0] 0.05| Fiéi TE 0F RELEASIMG (17 HOUR) f 1 265 143 re CO rd I n g 30443 305458 HIA
12 | SHOWMETLRATE (mmCoh)[_ O.420[ 00050] 0B MELT COEF GMIM, CMDE (MAR/AFR) 4 1 2 192 MO HRATE 324l
14 | JOWMETL/A RECESS POWER| 06|  0.400] 05-04| DATEOF STEADY SHOWMELT s A S0 1z ET R 07T HME0TH 3EEEN
15 | MBEROFCLIMATESTATIONZ 1D WEIGHT EL(m) ATH_C ATH_G 4F_mm F_faskar 14 E TR Y a rea HEITT M BBV
1% 4 MHE 03 tizs] w0 o0 -so]  o.30 — 15 2SET5 1925 0 2473 HEES AR
17 ZFE 03 ave| oo 0.0 -ma| 030 e < 16 ZE4 1423 LT HOTH MM
1 LTL [ I T Y X T E 1 2 L9z s oy 2 A HMO90Z HEAFT
19 | GOTOMODELFILE SH 0z 1557| wn| 0.0  -zo| oz 400 = 40 1 254 1818 009% ETET0T 1554 279625 0417 | BOO.GEE FRA.RAE MALFE RdRGLT
20 | GOTOFIGURES SHEET 1 RAINFALLFT:-INTE Z-COAZT] 1 ) i 14 ZE4 1816 009E ETREER 1553 EZTH.ddE 0d-15 | 301 IST.0RE  BddEe ETEATT
1 HEW  OLD n 1] ] zn 284 1914 009k ZTRIY 1553 27ad 0418 ITIESE FOTAEE IELAT d19.26d
2 IHITIAL SWE (merd 0] 0] UPBATE BEcHARSE nATA oney & bt L L ke - ; B 2EY A3 009 2TRE4 1EER ETHARY 040 4OTARE dBe4Ad d2lib AFESTE
22 ATH_C ATH_C dF_mm el - & 3 s 22 20 Mz 0096 2TEART LEER 27039 04-21 455,572 AET.008 Bi164
24 | ETHODOFEXTENDINGTO M DAYFORECAST [ 4] oo o] oo s bl T et 1 23 254 191 009 ZTLNMS 1EGZ 277.929 04-22 5r9.5#5  GIE0F 54243
25 | |STATICITEF ASLAST DATIE - STATIC (TRF &% 1-THISSTHONLY . T~ - 24 4 140F 009k ZTEAR LS ZTV.EEE 0d-23 561525 GELOGT SVO1dY
26 | FLATWITHINGREMENT &5 SET 2-ALL SUBBASIN r;:a?;;i::iﬁm -1 1 284 1406 009k ZTEAN 1S ZTTAIT 0d-2d STT.TH STLATT Setlide
27 | LINEAR WITHUNIFORM SLOFE 3-DOWSTREAM 200 200 H 26 40T 00eE ZTESEY  LEE 2T 04-25 59055 FiZdE GIRTHE
2% 4-ENTIRE GROUP E] 259 19 w095 ZTESTT LEE1 2T 04-26 BIEd4Z Mz BRLTE
24 RIVER ROUTING METHO D[R] (1-CHANNEL, Z-LAKE)  ADDITIONALINFLOWSEFOR L[ & ] 4 1497 0096 EYEETI 1S EVT.OT 0d-27 REZULT RET.AZA EBU.ARE
) AH(Km)  dTOr)  dRAdT 5 4 1494 0096 ETEETE 1S ZTV.TEG 0d-z¢ L45.047 Gd0.4R4 EENE0T
k3] W 284 134 0095 ZTS.SE3 1581 ETVOTE 0d-24 655.451 EEL5ET GGLSSE
32 | FLOW GAUGEELEVATION (m) - RE-LOAD - ioa ioa 7 24 14 009E ZTES0E LEE 27T
32 | AHCEFMWTSHCEMTRE (Km) INFUTFILES R Ty ] 250 1433 0095 2VEG4E 1EE1 27T.Ee
] ELAHK(DEFA 9 ERA0ET 13E 0096 FTEMMZ 16S1 ZTT.E9E
36 || MANHING ROUGHHESS () HOTRE-LOAD INFUTFILES 10 0 14T 0096 FTEA0Z 1582 EVT.8E
£ RIVEFR: WIDTH (m)| 0 0 1 Zh0 14TE 00E 2TeEEd 1552 2TA0NT
] TOTALHUMEER OF 4R 3| FORECAST BIAS -CORRECTION D331 0410 0420 D331 0410 0420 1t Zed 14T 009E ZTEESF  15BZ TR
3% TOTAL HUMEER: OF 4| LincarHours| 24| - 13 26075 1372 0096 276303 1552 2782
4 14 ERABEE 14T 00%d ETE3EE 1863 ZTedez
an DATE MHE-TH MHE-TR MHK-FF TVFE  SPK-Ti SPE-TH SPH-FPF TWFE LTL-T# LTL-TH LTL-FF TYPE  SKO-TH SKO-TH SKO-FF TYPE  TMAK_G TMINLG FRE_MM SWE_MF SHM_ME RSM_ME EYF_MM INF_MM VGW_ME GWF_ME WIF_MM G_0BS  G_EST  G_EST_ G_EST_MAH 15 ZHZ 1484 0094 ZTET 1553 275186
Pl ot 15 -Rd 0k OBS 15 1 1065 47 -4 1.4 OES 4 -5d 0 OES zd 14 [ ] ] ] [] [] [] 0 3ERA n n 1 16 ZE  14R%  00ed ZTE0T 1552 2THATS
4z -0k 5 1r 62 0ES T 0.4 OES 5¥ 15 5 OEZ -14 o »OES 4 zd 0 TSt ade ] ] (3} (3} [ Y 1 1 1 1 ZE 14%E 00ed ZTEEET  15BZ ETHASE
a3 -0z =1 25 04 0BS 1 o 0 0EsS Z5 14 0 0ES e -z4 0B 18 0 aEn 000 ] ] [] 01 [] [] 54 104 w1z 1 i 1486 0094 ETEETZ 1552 27RAIT
ad 104 -1 -4 0z oS 0.4 -% 1.z 0ES 14 -4 0.E OBS RES 51 0BT 1z 0 Tasn 000 ] ] [] 01 [] 0 zERa WE e E 14 P 1801 008d ETREEZ 1582 ZTHAEE
a5 105 0E  -3E  0E 0BS 35 5k 1.3 0ES 16 -t 0.E 0BS AT AT n0ES e 0 Tasn 00n ] ] [] 01 [] 0 3804 0F E 104 zn ZZ 1454 0094 ZTRESd 1552 ETEINE
i, -0 34 -0 34 0BS 75 -k 0 0ES 43 [] 0 0ES 03y 3E 0 OES 5.4 0 Tasn adn ] ] [] (3] [] [] E 0d d 10d El Z6: 1456 00dd ZTR.EJR 1552 ETHAM
47 L L T X} " OB -0 AT 0 0ES xE -7 0 0ES EER N n OB 15 0 Tese 000 [ [ [] (3} [] 0 46 104 104 105 22 262 145 0094 ZTEE4E L5E2 27098
a3 -0 Aa A 0B 0 X 1.2 0ES e 10BS A -E7 0B ] 0 gy 000 ] ] [] 01 [] 0 6 S 5 105 2r ZRAEKT 135 0094 276245 1552 27095
a4 o0 -EE A 0BT [ 0 0ES RN 0 0ES a4 Tk 0.k 0BS ] 0 Tasn 000 ] ] [] 01 [] 0 34 4 04 A0S 24 Z6l 1346 0094 ZTRER 1582 ZTHA0E
s ot -0F 36 04 0BS 0§ -1 0 0ES zd  -3a 0.E 0BS R T 0.6 0BS 14 24 0 Tasn 000 ] ] [] 01 [] 0 35 W4 4 104 nd-0z 1 z61 1845 0094 2TEEEY 1552 27513
54 it E - 0 0BS 3E 0 0.2 0ES 28 (3] 0 0ES EX} L 0 OES 3.3 0T adn ] ] [] (3] [] 0 3TE Wd dnd dnd H Zed  fadd 00d 2TE3dZ 1553 2THA%E
52 o1z 28 -2 %z 0BS 67 1 0 0ES A wE 0.4 OBS (X} A7 0.6 OBS 55 0TeE0 00 [ [ (3} (3} [] 0 2e 104 04 105 E] 261 1842 0094 2T64ZZ 1552 2766
53 011z 26 -2z 4% 0BS EC 6.4 0BS EX 13 15 OBS [ -24 0.z 0BS EX) 0 g0 000 ] ] [] 01 [] 0 7 WS W5 105 4 Z6 1843 0094 2TEERT 1553 2THIT
54 o4 BT T4 0BT AT e 1.z 0ES -z.d -8 5 0 TaEn 000 ] ] [] 01 [] 0 EE WS 5 1S 5 Z6l 134 0094 ZTRER 1554 ZTH.E0E
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|| VAMPOML: Today\today_bc_20120424_exml ECCC'S MPOML climate data
=2 VAMPOML\ Today\today_b... !
File Edit View Favorites Tools Help

L

Observed

climate data

- <?xml version="1.0" encoding="UTF-8"7>
- <om:0ObservationCollection xmlins:xsi="http:/ /www.w3.0org/ 2001 /XMLSchema-instance"
xmins:xlink="http:f fwww.w3.0org /1999 /xlink" xmlns:gml="http:/ fwww._opengis.net/gml"
ECCC climate nins="http://dms.ec.gc.ca/schema/point-observation/2.0" xmins:om="http:/ /www.opengis.net/om/1.0">
stations <om:member= _
- zom:Observation>
- <om:metadataz
- - =Zs5ets
- <general=
<author version="1.8" name="MSC-DMS-PG-WXO-DAILY"/>
snow weather <dataset name="msc/observationfatmospheric/surface_weather/wxo-2_0-ascii"/>
stations <phase name="product-daily_en-xml-2.0"/>
<id
- xlink:href="/data/msc/observationfatmospheric/surface_weather/wxo-2.0-ascii/product-
daily_en-xml-2.0/201204242347 fbc"/>
BC fire weather <parent xlink:href="/data/"/>
: </general=
stations - <identification-elements=
<element name="province" value="BC" uom="unitless"/>
zelement name="creation_date_utc" value="2012-04-24T23:47:23.6457" uom="unitless"/=
zglement name="observation_date_utc" value="2012-04-24T23:47:00.000Z"
uvom="unitless"/=
<element name="license"
. . value="http:/ /dd.weatheroffice.ec.gc.ca/doc/LICENCE_GENERAL.txt" uom="unitless"/ >
Dally max & min <element name="language" value="EN" uom="unitless"/=

temperatures & 24 {fsei;:dentlﬁcatmn—elements:=v
hour total rainfall

Automated
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L EXCELLENCE 202

t4H b

mRegional = Global
Deterministic Deterministic
Forecast o . ..
climate data Prediction System - Prediction System -
RDPS (dx=10 km, GDPS (dx= 25 km, dt -4
dt=3h, Time=0 to =3h, Time used= 63 === \ [\
Canadian 62h) to 240h) =
Meteorological
ek i Map of CMC’s10 f ts of dail T and daily P
. ap o s10 forecasts of daily average T and daily
Num,er',cal AL http://brfc.env.gov.be.calfreshet/FORECAST CMC MAP.pdf
Prediction (NWP) - \

GRIB2 format

Downscale

to

Locations of 368 climate |
stations e s — &
(about 20 minutes) . .


http://bcrfc.env.gov.bc.ca/freshet/FORECAST_CMC_MAP.pdf
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103-30 0 0 31.4 Q 5.4 37.7
5 31.4 5.37 a4.2
10 31.4 7 5.37 a4.2
15 31.4 f > 5.37 37.7
20 31.4 5.37 a4.2
25 31.4 7.62 5.37 a4.2
30 31.4 7.67 5.35 37.7
35 31.4 5.35 aa.1
40 31.4 ro -
45| 313 O - Completely
50 31.4 7.79 ! o
55 31.3 7.64 | m|SS|ng
1 31.3 o i
5 31.3 5 5.32 aa
10 31.3 7.73 5.32 a4
15 31.3 5.32 37.7
20 31.3 f > 5.32 43.9
7.76 5.32 43.9
Irregularly 755 53 277
.. 7.73 5.32 43.9
missSIing 5.29 43.9
a5 31.3 5.29 37.7
50 31.3 5.29 43.9
55 31.3 7.62 5.29 43.9
2 0 31.3 7.62 5.29 37.7
5 31.3 7.73 5.29 43.8
10 31.3 Q 5.29 43.8
15 31.3 5.29 37.7
20 31.3 7.73 5.29 43.8
25 31.3 O 5.29 43.8
30 31.3 7.56 5.29 37.7
35 31.2 7.47 5.29 43.8
40 31.3 5.29 43.8
45 31.3 f > 5.29 37.7

Real-Time Hydrometric Data Graph for MCGREGOR RIVER AT
LOWER CANYON (08KB003) [BC]

© | Station Notice

The regular flow measurement program at this hydrometric gauge is compromized because the cableway is
currently out of service. Please email ec.shnhydrologiquebc-nhshydrologicalbc.ec@canada.ca with any guestions

Or congcerns.

All times are zpecified in Local 5 ling Time where and when it iz

Downlogd? m

Obviously
wrong data

observed.

Station: | DBDADT W DataType: | RealTime W

v Legend

Water level (primary sensor) (m) Discharge (primary sensor derived) (m3,

™

> 1+

Date & Time in PST
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In the model:
Dily climate data
are distributed to

hourly data
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RIVER FORECA

— —t
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o s ot —t
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|

19|
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21|
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23

28

32

34

[F=R = = R B = R R S TR R N
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ra =]
| | | |

—
f-Y

A B c b  E | F | G | H J K M N 0 P Q R S T v
WATERSHED DORE RIVER NEAR MCBRIDE (08KA001) DORE
AREA (km2) 407} (08KA001) - DAILY WATERSHED TYPE| Natural |

AVERAGE ELEVATION (m} 1600)3KAD01) - HOURLY

STORAGE CONSTANT|  2.00|CALCULATED FROM AREA AND FACTOR: 0.2 - 15
FACTOR TO STORAGE CONSTANT :

HYDROGRAPH CONSTAN

FAST FLOW (%)/PEAK SHIFT (ff)

BASE FLOW (m3/})

SOIL MOISTRUE DEFICIT (i)

INFILTRATION RATE (mm

EVAPOTRANSPIRATION{mm/{)

SNOWMETL RATE (mm/c/H)

SNOW METL/A RECESS POWE

24|
25 |
26 |
27 |

29 |
30 |
31 |

33 |

35|
36 |
37 |
38 |

MNUNMEBER OF CLIMATE STATIONS
2 MBP 0.6 1611) 4 0.0
MEBH 0.4 716 \D.D 0.0 -5.0 0.70
Ry,  _
=-GO TO MODEL FILE
=-GO TO FIGURES SHEET 1 RAINFALL PT: 1-INTE,2-COAST 1
OLD
UPDATE DISCHARGE DATA ONLY |
IMITIAL SWE {mm) 1200 1200
N J/ dT%_C dTN_C dP_mm

METHOD OF EXTENDING TO 10 DAY FORECAST | 1] 00 oo o0
1- STATIC (T&P AS LAST DAY)/2 - STATIC (T&P AS SET} 1-THIS STN ONLY
3 - FLAT WITH INCREMENT AS SET 2-ALL SUB BASINS
4- LINEAR WITH UNIFORM SLOPE 3-DOWSTREAM
4-ENTIRE GROUP
RIVER ROUTING METHOD [ (1-CHANNEL, 2-LAKE)
dX(Km)  dT(s} _ dx/dT

EXPORT FORECAST
FOR THIS WATERSHED

N

ADDITIONAL INFLOWS FOR LAKE

a600]  2.222]
FLOW GAUGE ELEVATION (m) 1- RE-LOAD HECALIBRATE
DISTANCE FM WTSH CENTRE (Km) INPUT FILES THIS WATERSHED
SLOPE {S0) BLANK({DEFAULT) -

NOT RE-LOAD INPUTFILES| |

FORECAST BIAS-CORRECTION (%):
Linear Hours 12

MANNING ROUGHNESS (N
RIVER WIDTH (m)

TOTAL NUMBER OF dX 2
TOTAL NUMBER OF dT 720

(=]

Discharge (m3/s)

DORE RIVER NEAR MCBRIDE (08KA001) - HOURLY

——0Q_0OBS ——Q_EST

|
W
1 F!
il | r\\i-\‘u
APNTA . T 1]
L ] "

40




DATE
01-01

Observed & estimated

HOUR  Q_OBS
3.76
3.76
3.76
3.76
3.76
3.76
3.76

3.76

0O =] @ N s w pa =

2

= o ® B SR T N R ]

2

Q_EST W H_EST(m)

0.1438
0.148
0.148
0.143
0.1458
0.148
0.1438
0.148

discharges/water levels

DU € o 0 o 0
WATERSHED CHANNEL
ROUTING ONLY ROUTING ONLY

RUN THE

CLEVER MODEL

(WATERSHED & CHANNEL ROUTING)

UPDATE DISCHARGE DATA ONLY

EXPT 5TA EXPT STA
DORE RIVER NEAR MCBRIDE (08| 0234 EXPORT DORT e
. . . . 10:14AM  CALIBRATION FORECAST 10:24 AM

Q OBS Q EST ENDED ENDED

|,
Hydrographs
y
v \\\
)
05-10 05-20 05-30 06-09 0B-19 06-29 07-09 07-19 07-29 08-08 0B-18

WATERSH DORE RIVER NEAR MCBRIDE (0BKAQOL) DORE

AREA (km| 407 DORE RIVER NEAR MCBRIDE (08 WATERSH Natural
AVERAGE 1600 DORE RIVER NEAR MCBRIDE (08KA001) - HOURLY
STORAGE 2.00 CALCULATED FROM AREA AND FACTOR: 0.2 - 15
FACTORT! 1.20 CHANGE SHAPE OF HYDROGRAPH, GREATER, FLATTER
HYDROGR 1.00 CHANGE PEAK OF HYDROGRAPH, GREATER, HIGHER
FAST FLO\ 1 0 1 1- RUN GROUNDWATER MODEL
BASE FLO\ 2 0 INITIAL GW STORAGE (mm)
SOIL MOIS 0.00 1000 MAX GW STORAGE (mm)
INFILTRAT 0.40 200 GW RELEASE THRESHOLD (m3/s)
EVAPOTR/ 0.05 0.5 RATE OF RELEASING (1/HOUR)
SNOWME 0350  0.050  0.100 MELT COEF CMD1, CMD2 (MAR/APR)
SNOW ME 0.75  0.200 05-21  DATE OF STEADY SNOWMELT
NUMBER (ID WEIGHT EL(m) dTX C dTN.C dP_mm P factor
2 MBP 0.6 1611 0.0 0.0 -4.0 1.00

MBH 0.4 716 0.0 0.0 -5.0 0.90
<-GO TO MODEL FILf
<-GO TO FIGURES Sk Model parameters RAINFALL 1

NEW OLD
INITIAL SV 1200 1200

dTX_C dTN.C dP_mm

METHOD OF EXTENDING TO 10 1 0.0 0.0 0.0

1- STATIC (T&P AS LAST DAY)/2 1-THIS STN ONLY
3 - FLAT WITH INCREMENT AS 5 2-ALL SUB BASINS
4 - LINEAR WITH UNIFORM 5LO| 3-DOWSTREAM
4-ENTIRE GROUP 1

RIVER ROL 1 {1-CHANMEL, 2-LAKE) ADDITIONAL INFLOWS FOR LAK
dX(Km) dT(s) dx/dT
8 3600 2.222
FLOW GAL 750 1- RE-LOAD
DISTANCE 16 INPUT FILES
SLOPE (S0 0.053125 BLAMK(DEFAULT) -
MANNING 0.12 NOT RE-LOAD INPUT FILES
RIVER WIL 40
TOTAL NU 2 FORECAST 100
TOTAL NU 720 Linear Hot 12
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A BUSINESS TRANSFORMATION 8. Producing forecasts — informative and easy to read

BARRIERE RIVER AT THE MOUTH (08LB020) - HOURLY

=—Q_O0BS =—Q_EST

WATERSHED CHANNEL
ROUTING ONLY ROUTING ONLY

RUN THE
CLEVER MODEL

{(WATERSHED & CHANNEL ROUTING}

UPDATE DISCHARGE DATA ONLY ‘

Discharge (m3/s)

EXPT STA EXPT STA
10:13 AM EXPORT
10:14 AM CALIBRATION R 10:24 AM

ENDED ENDED
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&BUSNESSTMMSFORMMW 8. Producing forecasts — informative and easy to read

FORECAST BIAS-CORRECTION (%):

Linear Hours
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RSt BUSINESS TRANSFORMATION 10. Pc_»st fresh_et review of model performance
R % pen — statistics and flooding events

Statistic analysis:
Coefficient of model efficiency (C,)

1(Qobs S{im)z Coefficient of determination (Cj ) dV =100 X (Qsim — Qobs)/Qobs

( y)
1(Qobs Qobs)2 _ 1[Qobs a (a Qszm + b)]

Ca=1- Statistic analysis for forecasts

1(Qobs Qobs)
_ . _
a= (P —Qups Qsim)/(Qsim — Qo ) Relative mean absolute error (E,.,)

Statistic analysis for model calibration | Percentage volume difference (dV)

C.=1-

b = Q —Qa- Q ]
\ ovs S ET‘a =100 X Z'Qﬂm obs /QObS

mz(QObs S‘m r squared (r?)

O name:

— 12

| r2 = [Z 1(Qobs QobS)(ann Qsim)]
" Step Into _ 2
. (Qobs QObS) 2 (qun Qsim)




RIVER FORECAST CENTRE -
‘Wsusmsssrnmsmnmmon 10. Post freshgt review of model performance
s — statistics and flooding events

CLEVER Model after Freshet Review (AFR) 2017

After freshet review (AFR) reports as of 2017: i

CLEVER Model after Freshet Review (AFR) 2018
After Freshet Review (AFR) of Charies Lua, Sepremper 212

CLEVER Maodel Performance in 2020

Charles Lug, Ph.D., P.Eng.

BC Riwer Forecast Centre

CLEVER Model after Freshet Review (AFR) 2019

Charles luo
November 2009

Changes of modeling scope

Statistics of model calibration and forecasts

Model performance during flooding events

Recommendations for model improvements

i
i
i
i
i
.
S
_—r
_—r
-]

3.1 PSR DR PUS .  e e
3.3 Com paring fonecast 8 ocumacy With 15t JEBrS e e

4. Model performance in forecasting historical record-bresking flood in Chilcotin River Watershed

TOM BB B0 13, B e e e s e b e e b

Citing thiz documient
Liso, T, 2024 &fter Freshet Beview |.AFF:: of CLEVER Mopdel Performance in 2520, Techmical Report of EC

River Forecast Centre, Victona, BC
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- B * ORMATIC
3 and flooding eve
Forecast errors of FRASER RIVER AT HOPE (08 MF005) 0 Forecast Error (%)
Forecast Error (%) Statistics 15
Year Day1 [Day2 |Day3 |Day4 |Day5 |Day6 [Day7 |Day 8 [Day9 |Day 10 |AveErr [RSQU
2015| 06| 21| 35 42| 51 62 78 90 104 112 6.0 0738 10
20106 | 10 26 39 51 64 77 98 121 142 151 7.8 0.444
2017| 09 26 38 47 52| 56 61 65 76 91 52 0772 5
2018 | 14| 40 62 79 9.2/ 105 121 133 147 160 9.5 0.606 o | |||| “I |
2019| 11| 32 50 63 69 81 91 100 122 131 7.5 0554 0 'D  bavs b o o o o S v Dov
2020 12 38 56 73 89 106 122 139 161 176 9.7 0497 ayl Day2 Day3 Day4 Day> Day6é Day7 Day8 Day3 bay10
Ave | 10 30 47 59 70 81 95 108 125 137 7.6 0.602 2015 m2016 m2017 w2018 m2019 m2020 mAve
6000 :
I
I
|
4000 ,
|
I
ﬁ | /
2000 | .
|
| I
0 |
03-28 04-01 04-05 04-09 04-13 04-17 04-21 04-25 65
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Review of Granby
GRANBY RIVER NEAR GRAND FORKS (DBNN002) GRANBY RIVER NEAR GRAND FORKS {08NN002)
M ay 10’ 20 18 F I OOd 5 ) Observed H Forocast (f) May 6 Observed < > Fororast

(3255 p.m. PST) go Cm 1= Qpeak=463.2 m%/s e 0 === | Qpea=427.1 m/s
(Observed Q peak = e e e LU L R e A
524 m3/s) . . 1 mn o o 5 3 g amog

RTP=5OY
RTP=20¥
RTP=10Y

RTR=200%
RTR=10%
RTP=5Y

RTP=2Y | '
RTP=1Y RTP=1Y

_Granby River Watershed

— ATP=5Y

Discharge (m?/s)
Discharge (m/s)

— RTP=2Y

2017 Peak
— R ] — Osarved

— ArECAST Forecast

Date |MM-DD) = B4~ -19 05-11 5-1 Date (MM-DD)

GRANBY RIVER NEAR GRAND FORKS (08NNO002) (h) May 8 GRANBY RIVER NEAR GRAND FORKS (0BNN0OO2)

Observed 3» Forecast Observed (——:—) Forecast

3 Qpear=516.3 m¥/s |
- Etpeﬁﬁzﬁfﬁ.‘:]:'logs | i At: May/11 00:00
: May ;

— — RTP=100V
RTP=50Y
RTP=20
RTP=10Y

— RTP=5Y

Discharge [mé/s)
Discharge (m'/s)

RTP=2Y
RTP=1Y¥
=2+ 17 Poak
— Dbserved — Obsorved

Forecast - Forecast

UNITED STATES

Date (MM-DD) 042 05-01 Date (MM-DD)

H Climate station g 5 10 20 km
@ Flow gauge Lo o0
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'S AW D

— statistics and flooding events

4 ) QG0
Praclprtalmn {mm) DlStFIbUtIGI"‘I of 4- DE}:’ {2019 -Jul-4 to 7) n of '1 -Day {2019 JLI|-6}
. River Forecast Centre P Pt Total Precipitation Depth scipitation Depth
10 LE(221) }’
3 \

b
—g WESTIROAD| |
\ @A 206} CEMEOE]
S

A

WPLU(1086558

WEST ROA &\

\UBMEOE]

Review of Early July 2019 Chilcotin River Flood
from Perspective of Hydrologic Modeling Efforts

Charles Luo, Ph.D., P.Eng.
River Forecast Centre, May 2020
http://bcrfc.env.gov.bc.ca/freshet/cleverm ref/Chilco

tinFlood2019July Ir.pdf
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Figure 8. Ischyet map of 4-day (July 4 to 7, 2019) total precipitation depth in Chilcotin River watershed 4 depth in Chilcotin River watershed, luly 6, 2019


http://bcrfc.env.gov.bc.ca/freshet/cleverm_ref/ChilcotinFlood2019July_lr.pdf
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ORGNIZATICNAL EXCELL

Real-Time Hydrometric Data Graph for WEST ROAD RIVER NEAR
CINEMA (08KGO001) [BC]

First category of modeling uncertainties
coming input data

® | Station Notice

The regular flow measurement program at this hydrometric gauge is compromised because the cableway is
currently out of service. Please email ec.shnhydrologiquebc-nhshydrologicalbc.ec@canada.ca with any questions

or concerns.

Forecast climate data

(ECCC CMC NWP Grib2 Observed Cl | mate vel (primary sensor) (m) Discharge (primary sensor derived) (m3/s)
Regional MD 10km/ data: missing and <
global M!) 25km)‘ and interpolation/ - B [
downscaling to clim. st . +
extrapolation -
DATE CHP-TX CHP-TN CHP-PP |SP2-TX S5P2-TN SPZ-PP |MTC-TX MTC-TN MTC-PP
2021-04-10 -4.6 -6.6 0 5.2 -3.1 13 3 -4.8 0.2
2021-04-11 -1.3 -8.6 0 5.5 -9.9 1] 2.9 -9.6 a
2021-04-12 7.5 -5.7 a 4.8 -7.1 (V] 5.6 -8 a
2021-04-13 12.7 -7l a 9.7 -5.6 a 8.7 -11.1 a
2021-04-14 17.9 -4.6 o 141 0.4 o 16.2 -9.3 a
2021-04-15 14.5 -2.4 0 17.4 s 1] 18.5 -8.4 a
2021-04-16 16.9 6.5 0 1] 19.5 -1.6 a e
2021-04-17 18.2 9 ) . a 20.7 =71 a
2021-04-18 13.3 8.2 M 9.3 -6.3 o
2021-04-19 9.9 3.3 . 1] 12.3 -3.1 a
2021-04-20 11.9 4.8 1] 15.9 -9.2 a Download Aprll 24’ 2021
2021-04-21 12.4 5.2 a 15.1 -71.5 a
2021-04-22 8.2 2.1 1] 7.6 -1.5 o Fo &5 Fs 55 s 75 o 800
| 2021-04-23 0.7 78 s & s -.-':h s 8 g 72
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ORGNIZATIONAL EXCELLENCE 2020

Second category of modeling uncertainties
coming from the model itself

X P Model operational
@ L TN limitations
.,32?& '
ok y "r_ 5
Open channel & s ‘/% Parameters calibrated in previous

routing ,.:,,,J years may have changed without

— ‘--.. recent hydrologic indicators
Kinematic wave

simplification of SV Eq. ™ % -
\ L. Too many parameters to calibrate

Finite difference — wrong combination of
solution of KW Eq. parameters for correct results
| [ ]
Simplification of cross- Too short time for model
section into a rectang. calibration — lower accuracy

Lack of data of channel elare |
dimensions (42,150 km) Modelers” experience
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GNIZATIONAL EXCELLENCE 2020

The only type of stations included in the model when developed and in early
stage of operation (watersheds were split originally based on WSC stations)

FLOW STN

1. After April 2018 West Road River/Nazko River flood, the inactive WSC station NAZKO

® WSC ACTIVE RIVER ABOVE MICHELLE CREEK (08KF001) was added because of flooding concerns.

- 2. After July 2019 Chilcotin River Flood, WSC eliminated the CHILCOTIN RIVER BELOW.
BIG CREEK (08MB005), which was kept in the model as an inactive station for better
model calibration.

3. PEACE RIVER'ATT HUDSONHOPE (07EE001) became inactive in 2019 and removed
from the model in'2020: [t was restered in'the modellas aniinactive station in 2021 for;
petter model calibration:

ESTIMATED 4. Because of flooding concerns, the SOIMASS RIVER NEAR ALBERNI (INACTIVE STATION)

(08HBO17) was included when VI basins were included in the model as of: 2020.

WSC_INACTIVE

NON WSC

ROUTING

The only Non-WSC station is the LILLOOET RIVER FSR (08 MGOOA) (BC station ID:

08MG0001), an important station for Pemberton.
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sub-basins
with routing
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