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TR ER ) [FrER R & 7704 > SR &L (Tennant » 1976)
B JAZK g &% (Toweet > 1997)55 » 1990 SRR B2 B S Fr A= Re DL Rt
FUEREZ 2% FFLE—RESGR/ N BN E 2 BESRIRE R -
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P4 > 41 King 2 A (1998)f& A% (Building Block Methodology * BBM) Kz
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FURZ M8 - BER ENANEEE/K ~ KE ~ 4 ~ FBiE P E
NEIFIEEFT o IIZEARDHZEET 1999 FRH/KEREHET S0
(Famework for water management planning) * 5] E/K&EFEHTE -
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A new method to Evaluate River Ecological Flow
-A Case Study of Bei-Gang Stream

Dr. Ming-De Chuang

Water Resources Planning Institute(WRPI)
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— HST of Gobiidae
(Rhinogobius candidianus, 8% % # %)
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- Ecological Flow(EF)
* Dams and other river structures change the downstream

flow patterns

* Ecological Flow: To maintain river’s ecological quality

| Method to evaluate EF

* Hydrology method(FDC)
* Hydraulic method(wetted perimeter)
* Habitat method(WUA)

* Empirical method(0.135¢cms/100km?)
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~ Weighted Usable Area(WUA)

* WUA: is the product of water area and CHSI
* CHSI :is obtained by the individual HSI

WUA=Y CHSI x4
=l

* Taiwan’s HSI had not been established completely

&

.,-o-"."'-'-'..

_'__'___'_'_____.-—- — — /

Habitat Diversity Concept
* A high habitat diversity(H) was associated with a
high species diversity(S). (Huet iss) : ( Schlosser 1985)

(Arunachalaom  zo0o)

Habitat diversity(H)

Hvs. WUA ? Species diversity(S)
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Habitat Diversity Calculation
» Habitat diversity (H)
H1 =27 =3(5)

S: habitat type (ie, s=4: riffle, run, glide, pool)
n;: the subtotal number of each habitat type
N: the total number of habitat

P(pool)=2/6 P{glide)=2/6
P(riffle)=1/6 Pl{run)=1/6

H=1-0.27=0.73

L] L] 143 Wilgm grery
P ——
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Cyprinidae 46%
Cobitidae 27%
Gobiidae 26% Snogasronyan

pu-'-mn.:l
(e F B i
My

p— - /

Gobiidae- Rhinogobius candidianus(#E: 81 %)

Endemic and benthic fish, found in middle and
upstream reaches in northern, northeast and
central Taiwan. They prefer a habitat featuring

swiftly flowing riffles.
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Cyp rinidae-acrosscheilus paradoxus (& H&EE)

Endemic species, found in middle reaches
in western Taiwan. The fish prefers slow
flowing pools and swiftly flowing riffles as
habitat.

Simulation results

H vs. WUA

i
e AR R 2

s gy e » o

(Rhinogobius candidianus) (Hypsibarbus pierrei)
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EF evaluation

WUA method- max. value

BRI 2 =1—al=t -}

(Rhinogobius candidianus) (Hypsibarbus pierrei)

- *(1a8 SBcmE WLUIASGESm w *(ye BBcms WA= 2Gm

e
F % £s
I I:I O=30crms WUA=GASm? . O=30cms Wilh=415m"
| s J AT ||I|\'-
;I:Ii““ﬂf_ S  O=100cms WUA=E24m” ::,L:'. s l|| |'| "i 0=100ems WU A=450m’
\
|

GER- Rz} o

(Rhinogobius candidianus)

Lug]

- Bm w0t WA ZB0 mr
KRS~ L} i EF=2.08¢ms ~ 11,540me
o -_I-_-I,:i::a-'.,.lh:.-r. :.u.a. |'|.

- F
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H =5 Q=2.360ms

H = o
OQ=1,28-n.54cms

WUA method and H method to evaluate EF

- Base on max. value Base on range value

WUA method 6.68cms 2.69~11.54cms

[Rhinogobius candidianus)

WUA method 6.68cms 2.09~11.54cms

[Merosscheilus paradonus)

H methad|{new method) 2.36cms 1.28~11.54cms
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Conclusion

» This proposed method(H method) considers the
biological habitat requirements, and the calculation
process is simpler than habitat method.

* Especially for the river’s HSI has not established, this
new method can be used as a preliminary assessment
of river ecological flow.

o

‘ipmlhﬂrbm. hollandi( {575 #58{ )

”‘.‘ i 1'}1%%#
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Thanks for your attention!:

fEEREHEl 2 (Dr. Andrew Paul)

35



Overview of Alberta’s
Environmental Flow Program

Andrew J. Paul and Lauren
Makowecki

Fizh and Wildlife Habitat Palicy
Alberta Environment and Parks
Cochrang, Alberta
September 2015

Discussion Topics for Dr. Chuang

(1) Enwvironmental flows establishment process
{2} Instream flow design

(3) Fish habitat suitability criteria curve [H5C) establishment and application
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Environmental Flows Program:
Inform decision makers on the environmental effects of water
management actions.

Framewaork
FOR WATER MANMAGEMENT FL.&!:ININL_. - A water mﬂ'ﬂﬂgfmfﬂr pfﬂﬂ‘ can bE
developed by anyone. ...However,
.0 water manngemenrpfan st
Jollow the Framework for Water
Manogement Planning.

*  The government has the
responsibility far the approval and
adoption of water manogement
plans and decisions under the
Woter Act.

AENV 1999
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Water Quantity Management for the Lower
Athabasca River

Purpose

— Recommend when, and how much, water can be withdrawn from the
Lower Athabasca River for oil sands mining water use.

Who

= Government, First Nations, Métis, industry and environmental
organizations.

o™

3.

Implement and MomLor

Evahiate Trada-Dffs & Make Decisions

Estimate Consequences
lterzie o5 reguied

—

Dieyalop Allernatives

Deefine Ohpectives & Evaluation Criteria

Establesh Process & Clarify Decision Context

TRy - BLACK WELL

Gregory et al. 2002

Wicked Problem — The problem is not understood until after a
solution is presented.
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Summary Consequence Table
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Performance of alternatives on selected evaluation criteria, colours show

difference relative to Option H
Blue: Option H; Red=\Worsa than Option H, Green=Better than Option H
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Increasing Withdrawals

Environmental Flows Program:
Inform decision makers on the environmental effects of water
management actions.
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Timeline of Environmental Flow Science in Alberta

Discharge (ms )

100 300 900

T T T T T T
1970 a2 1974 1976 1978 1980

Tennant
Method
1970 1580 1990 2000
Environmental Flow Science in Alberta
o
o,
% 3
O
E T T T T T T T T T T T
1970 1972 1974 1976 1978 1980
Tennant
Method Tessmann
1970 1980 18990 2000
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Environmental Flow Science in Alberta

Tennant
Method Tessmann

1570 1980 1930 2000

Envirenmental Flow Science in Alberta

PHab5im
Tennant
Method Tessmann Fish Ruie Curve
Water Quality
1970 1980 1930 2000
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Environmental Flow Science in Alberta

1580
Channel
Maintenance
PHABSIM
Tennant
Method Tessmann Fish Rule Curw SSRB
Water Quality Riparian
iy
1870 1980 1950 2000

Environmental Flow Science in Alberta

T
1880

Channel
Maintenance
PHABSIM
Tennant
Method Tessmann Fish Rule Curve S5RB
Water Quality Riparian
1970 1980 19490 2000
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MNatural Flow Paradigm

From Anneer et gl 2004, Instreom Sows for rsering resoaree
EewandEhip,

Instream Flow Council

Ecosystemn Health Measures — Lower
Athabasca River

1.  Walleye population reduction and viability
2. Dissolved oxygen in side channels
3.  Connectivity of Delta channels and lakes

4. Whitefish spawning (survival of incubating
©ggs)

5. Mesohabitat (surrogate for non-fish habitat;
year round)

6. Fish habitat (year round: six species)

strwardsbp,

7. Channel maintenance
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Water Management Plans and Frameworks in Alberta

-much of the province left to complete

Alberta Desktop Method (ADM)

“The method provides a technique to
esfimate flows to meet the objective of

full protection of the niverine
environment,..."

1. Cumulative withdrawals are <15%
—_—— - of instantaneous natural flows; and,
> | water tor | j Sl 2. No withdrawals occur below the
F I weekly 80% exceedence flow.
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Habitat Suitability Criteria (HSC)

W h
R o (= [0 Sebarme =
LU Lo Bin e an am
Ly
Adu an
- MNWH Adult Open Water
1am
(i) 00
e 14
o oo
15T o 1]
B BaT
(=5 pE
o 100
el 1] {1
180 BOD
e I
E-L ] s
100 ADE
13 as i
LE kR e Im'h]
EvToaT kBT ih i)
Sarmd on
raved o
oy 1.3
Basdm m
Esduwi wm

Measuring Habitat Suitability Criteria

*  We use the term relative density when data are analyzed

Data for used and available sites (telemetry study)

Habitat a Habitat

FE ll-
B 550
s 2 B[R

used a [ available a=0.10 used b / svailable b = 0.5(

Relative density of
habitat b is 5x habitat a

46
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Measuring Used Habitat (e.g., Mountain Whitefish in the Wapiti R.)

44 habitat observations
from 2& different adult or
juvenile mountain
whitefish (Feb-Mar 2015)

. e

,Hl-'mil-u mhuw—m—mmm o
= e o o L ] | I o E

[ ol e A R ket PR LA i i P P mbPoem . (] |
P I TRV Sy bk | AL e i e ey B | i
(=T} L LT e ey - ——T

[ e S T | [Err—pc———

471 available habitat

= “observations” from HEC- =
- RAS (20 m?s1) =il e
s N et
‘x Sy e g
\\ e ' 38 . Gt Lo . rm_,_‘_ =
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Statistical Models

*  Lse 3 flexible (i.e., nonlinear ar wiggly) function
for depth and velocity (generalized additive
madels; GAM)

Relative density = depth + velocity + substrate + interactions

Support (bootstrap %)

dvs 41%
dv 5%

ds 2%

Vs 47%

d 0%

v 4%

5 1%
null 0%

Relative Density ) P—
Observed relative density = use/available 1

-size of circle proportional to use (i.e., how many =
of the 44 telemetry observations)

L. L] (T} (1 ] s
—
Waiboiy ()

i i B W &« =

o | L P
(=
2 o |
g =
L
Z =
" o
[k}
o
3
= |
s ... Flexible statistical model (GAM)
g T T T h'| 1
0.0 0.5 1.0 1.5 2.0
Velocity (mis)
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fEE R 3(Mr.Michael Seneka)

Alberta Desktop Method
Environmental Flow
Recommendation

Little Smoky River near Guy
Illustrative Example

Saptamber 73, 2015 Water Folicy Branch o Alberia Emdronnsant snd Parks
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Little Smoky River (near Guy)
Drainage Area = 11,090 km?

 dontod aEem

Little Smaoky River {at Little Smaky)
Drainage Area = 3,009 km?®

SIDE LE soqu



S | Mean Daily Flow Hydrograph:
LITTLE SMOKY RIVER NEAR GUY (1959-2011)

Historical daily flow
quartiles are depicted,
Naote highly variable

1500 flows, especially in
SOriNg-SUMmer;
Seasonally high flows
during open water

Flow season; Very low flow
{miys) i observed through winter
| {November to March)

WEEKLY FLOW EXCEEDANCE - 07GH002
LITTLE SMOKY RIVER NEAR GUY (1959-2011)

Week 14 Beginning April 2

Dl Maturall Flow

— B5% of Matural

— ERF (B9 Exr. |
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WEEKLY FLOW EXCEEDANCE - 07GHO002
UTTLE SMOKY RIVER MEAR GUY (1959-2011)

Week 14 Beginning April 2

PN Becommendation
— Daily Natural Flow

100 - —85% of Natural
—EBF [B0% Exc.}
Flow
Walue
(myfa)
1o | The formula for the
Desktop Method is
the greater of either:
1 fr—
0 0 40 60 ] 100
Parcent Excoedance
UTTLE SMOKY RIVER NEAR GUY (1959-2011)
Mean Daily Flow: Quartiles
Maximum (hserred
10000 - —— Upsser Dpsartile [0125]
——Bedian (050
—— Leraver Casmrtile {0175)
Ir==t Misimum Observed
1000, — T o —— Wkl LI [Weekly Q80
Y AT A

Flaw
mis

o1 - — S = bik o -
AN e L BB EE LA
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Historical Year 1977 (example of year where no Q80 EBF cutoff observed)

m——dpgsred Flow n Rbverisigmge} === Desiiop Method Fiow e mmm ensalion weekly 080 Ecowalem Sesefow
(is i
ad 4
L]
w12 =T -
§ 4
oy 4+ .k & - - + %
sni jmn jan Feb Feb Mar Mer Aprl Gpr Waw Moy e jus Gl RI1% il 38 Aug Aeg Sepd Sep Bad Od Novd Wew Dec? Dec Dec
BB O3l 12 W ia s 2 8 i i¥ ¥ 38 i3 n ik 1§ =0
Historical Year 1999 (example of year where Q80 EBF cutoff triggered)
= e Flow 0 Rver (ol pmge) === Desoo Methed Fiow lemmmemdaton ‘Wexkly 080 Ecowate m Sactiow
1o
108 -1
Wl
mh

a1

Janl fan Jan Feb Feb Mar Mar Aoel Apr May May und e Jdd] RIISRE TS Aug Aug S8 Bep Do 7 Od Movd Wow Decl Dec Det
mn 1 e 11 s = & o 17 11 ki 3 21 1% iE L+

Illustrating Historical Availability of Flows for Abstraction

Green = week where water was available (up to 15% of observed flow);
Red = week where water was not available (observed flow below weekly ecosystem baseflow)

The Alberto Desktop Environmentol Flow recommendation specifies for the lowest flows that
occur up to 20% of the time, no obstractions of water would be permitted — providing on
ecasystem boseflow. For the remoining 80% of the time when flows are higher, up to 15% of the
natural flow can be taken (leaving at least 85% of water instream).

53



	摘要
	目錄
	表目錄
	圖目錄
	第一章 前 言
	一、計畫緣起與目的
	二、 研習行程規劃

	第二章 研習過程與內容
	一、亞伯達省環境與公園局(Environment and Parks, AEP)
	二、 亞伯達創新技術研究所(Alberta Innovates - Technology Futures(AIFT)
	三、 亞伯達大學(University of Alberta, UA)
	四、 河川溪谷聯盟(River Valley Alliance, RVA)

	第三章 研習心得與建議
	一、研習心得
	二、建議事項

	參考文獻
	附錄一 加拿大水環境簡介
	附錄二 簡報資料

