



















































































































































































































































































The largest difference between RCM 3-hrly and observed daily temperature range
is in the spring when the RCM range is up to five degrees higher. It is a very
revealing diagnostic that the air temperature range of the RCM output increases
during the snow melt period while the measured data show a decline. This
indicates that energy in tt RCM is being used to heat the air during the spring

instead of melting snow, evaporating water or thawing the ground.

To assess the sensitivity of the hydrological model to the daily temperature range,
the hyd logical model w  simulated with observed daily average temperatures
and the resulting stream »w was compared to that determined using hourly
temperatures. . .gure 5.__ illustrates the comparison of the monthly average

streamflow from these two simulations.
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Figure 5.10 Simulated Pinus River Flow under Observed Climate

(Daily and Hourly Temperatures)
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Figure 5.11 Observed and Uncorrected RCM Temperature at Goose Bay (1979-2000)

The NCEP-CRCM temperature predictions are closer to observed for every month
with the exception of D :mber. The percentage improvement of the NCEP-
CRCM estimate over the CGCM3-CRCM estimate ranges from -192 percent
(December) to +64 perr . (May) and the annual average is a +35 percent

improvement.

The bias-correction pro¢ ure described in Section 5.2.2 was applied to the
NCEP-CRCM data. The result was a very close match with observed average

monthly temperatures, as shown in Figure 5.12.
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assessment of climate change impacts since it is only available for historic

periods.
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Chapter 6 Hydrological Model Simulation Results

6.1

Application of Goose Bay Climate to Pinus River Basin

As discussed in Section 4.3, the Pinus River basin hydrological model was
calibrat using Goose Bay climate, with an adjustment for temperature based on
the difference in elevation between the two locations. As discussed in Section
5.2, bias-correction factors were developed based on observed and RCM climate
from the Goose Bay grid point. Due to an inconsistency in the Goose Bay and the
Pinus River basin temperature difference assumed for the purpose of hydrological
model calibration (i.e., the lapse rate) and that predicted by the RCM, the
hydrological model was not suitable for use with RCM data from the Pinus River
grid point. The mode! was calibrated for an assumed temperature regime
corresponding to observed temperature at Goose Bay reduced by between 1.2 and
1.4 degrees depending on the elevation of the model grid cell, whereas the
difference in temperature between the Goose Bay and Pinus River RCM grid
points was just 0.5 degrees (Pinus River being the cooler of the two locations as
expecte based on elevation). Because of this difference the model will not
produce accurate results r the current period using the temperature regime
predicted by the RCM for the Pinus River basin grid point. It should be noted that
there was very little difference in the seasonality of the RCM temperatures at
Goose Bay and Pinus River. The correlation coefficient of the daily temperatures

at these vo RCM grid points was over 0.99.
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6.3.2

are primarily related to the bias-corrected RCM temperature input. Although the
bias-correction of the RCM temperatures improved the monthly averages when
compared to observed, the differences that remain (possibly including differences
in the wumal temperature variation) lead to differences in the simulated

streamflow.

Current versus Future Streamflow

The question of how clii e change is likely to affect the streamflow of the
Churchill River is resolved in this study through the simulation of the Pinus River
flow using modeled climate for current and future periods as input. Figure 6.5
presents the monthly ave e simulated flow for the two periods based on the

bias-corrected CGCM3-CRCM temperature and precipitation inputs.

As shown in Figure 6.5, future period streamflow is predicted to be higher in each
month with the exception of June, with an average annual increase of 12.8
percent. The greatest increase is expected in the spring period, likely due to
1 reases in Febn 7y and March precipitation in the order of 30 percent as
desc...t in Section ..3. ... percentage increases in monthly average flow are

summarized in Table 6.1.
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Figure 6.9 Simulated Pinus River Flow under Observed and Bias-Corrected RCM Climate

(1980-2000)

As shov  in Figure 6.9, the bias-corrections led to a significant improvement in
the representation of observed streamflow in both RCM cases. The annual

average ows based on observed, NCEP-CRCM and CGCM3-CRCM climates

are 19.0 m¥/s, 19.3 m%/s, and 17.9 m’/s, respectively.
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Wilby, R. (2008). Clim 2 change, water & hydropower — Challenges for
adaptation. CEATI Water Management Interest Group 9™ Annual Workshop.
Montreal, QC, Canada.
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Appendix A

Summary of Research Data Sources
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FLOW DATA

Observed
Water Survey of Canada (http://www.wsc.ec.gc.ca/hydat/H20/index_e.cfm?cname=main_e.cfm)
Pinus River (030E011): Oct 3, 1998 to Dec 31, 2008
East Metchin River (030D007). Sep 28, 1998 to Dec 31, 2008
Minipi Riv  (030E003): Jan 1, 1979 to Dec 31, 2008
Churchill River above Upper Muskrat Falls (030EQ01): Jul 7, 1948 to Dec 31, 2008
Churchill River at Churchill Fa  Powerhouse (030D005): Jan 1, 1972 to Dec 31, 2008

1 N/ MAPPING DATA

Basemapping
Nationa! Top  aphical Database (www.geogratis.ca)

Digital Elevation Data
Shuttle pographical Mission 3 arc sec

USGS National Map ¢ Server (http.//seamless.usgs.gov/index.php)
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Appendix B

Summary of Research Steps
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Appendix C

Montl ; Temperature at Goose Bay
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Appendix D

Mon / Precipitation at Goose Bay
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Appendix E

RCM  ta Gridpoint Extraction Code
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1) After the netCDF file is downloaded from NARCCAP, GRADS must be
informed of how the data is structured. ! r-e an example control file
for prNOW:

DSET ~pr CRCM cgcm3 %ch010103.nc
CHSUB 1 8760 1968 'these CHSUB lines open a new
file as time increases

CHSUB 8761 23360 1971

CHSUB 23361 37960 1976

CHSUB 37961 52560 1981

CHSUB 52561 67160 1986

CHSUB 67161 81760 1991

CHSUB 81761 96112 1996

DTYPE netcdf

OPTIONS templ .e 365 day calendar
UNDEF 1.e+20 FillValue

XDEF 140 line - 1 1

YDEF 115 linear 1 1

ZDEF 1 line - 11

TDEF 96112 linear 03z01janl968 180mn

VARS 3
lon=>lonl 0 vy,x longitude
lat=>latl 0 y,x latitude
pr=>prl 0 t,y,x Precipitation
ENDVARS

2) Here's a GRADS script that extracts netCDF data from the file and

created a raw binary file (i -UT example):
"reinit"
"open taFUT.ctl" talter this line for pr ta NOW FUT NCP combination

"set t 1 last”

"set gxout fv ite"

"set fwrite -le -st -cl t FUT" talter this line for pr ta NOW FOT
NCP combination

#Goose Bay(117,87)

"set x 117"

"set y 87"

"d tasl"” talter these tasl lines to prl lines for pr files
#Pinus (116, 86)

"set x 116"

"set y 86"

"d tasl"

#Churchill Falls(113,85)

"set x 113"

"set y 85"

"d tasl"®

"disable fwrite"

3) GRADS won't easily output ascii data so I wrote a short piece of

fortran code that reads tl GRADS binary file and writes the ascii
files you have (taFUT example here):
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PROGRAM binZascii

IMPLICIT NONE

INTEGER, PARA! TER :: isize=96112, jsize=3

tuncomment this line for FUT NO

c INTEGER. PARAMETER :: isize=72800, jsize=3 !uncomment
this line for CP

CHARACTER (LEN=2) :: var = 'ta' l!alter this line for pr ta
CHARACTER (LEN=3) .. time = 'FUT' talter this line for NOW
FUT NCP

REAL, DIMENSION (isize,jsize) :: binData

INTEGER i:oi, ]

OPEN(10,File=var//'.'//time,
1 Form='BINARY',Access="'SEQUENTIAL")
READ(10) binData

OPEN(11,File=var//time//'.txt"',

1 Form="'FORMATTED', Access="SEQUENTIAL")

WRITE (11, '(3(al5))') 'Goose Bay','Pinus','Churchill Falls’
WRITE(11, '(3(el5.6)"') ((bin! :a(i,j),j=1,jsize},i=1,1isize)
STOP

END PROGRAM binzZascii
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Appendix G

WATFLOOD Parameter File
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# runt
# rund
ver
iopt
itype
numa
nper
kc
maxn
errfl
itrc
iiout
typeo
nbsn
mndr
a2

a3

a4

ab

a6

a7l

as

as
alo
all
al2z

lzf
pwr
R1ln
R2n
mndr
aaz
aa3
aa4d
theta
widep
kcond

ds
dsfs
rec
ak
akfs
retn
akz
ak2fs
r3
R3fs
r4

ch

mf
base -
nmf

ime 12:16:28
ate 2009-11-13
9.300 parameter file version number
1 debug level
0 type of valley (0O=floodplain, 1l=no flood
0 optimization O=no l=yes
0 l=delta O=absolute
5 no of times delta halved
1001 max no of trials
0 O=rms l=correl 2=Dv
4 tracer no GW=100, 3-comp=4, 6-comp=5
0
4 no of land classes optimized(part 2)
1 no of river classes optimized (part 2)
-999.999
1.000 Manning's corection for instream lakes
-999.999 min water fraction for slope adjustment
-999.999 river > for water area
0.984 API hourly reduction valuc (optimized)
900.000 Minimum routing time step in seconds
0.900 weighting factor - old vs. new sca value
0.135 min temperature time offset
0.300 max heat deficit to swe ratio
1.000 uz discharge function exponent
0.C ) min h() for bare ground
0.500 min p ip rate for smearing
riverclas
0.100E-06
0.250E+401
0.120E+00
0.280E-01
0.100E+01
0.110E+01
0.100E-01
0.100E+01
0.263E+00
0.300E+02
0.612E-02
forest wetland wetland water impervious
0.100E+02 0.100: 0 0.100E+10 0.000E+00 0.100E+01
0.200E+02 0.100: 0 0. J0E+10 0.000E+00 0.100E+01
0.100E+01 0.100E+01 0 J0E+01 0.100E+01 0.100E+01
0.120E+01 0.500E+00 0.500E+00-0.100E+00 0.100E-10
0.120E+01 0.500E+00 0.500E+00-0.100E+00 0.100E-10
0.100E+03 0.100E+03 0.100E+03 0.100E+00 0.100E+00
0.100E+00 0.140E-00 0.140E-00 0.140E-01 0.200E-01
0.200E-01 0.840E+00 0.840E+00 0.840E+00 0.200E-01
0.381E+02 0.898E+01 0.898E+01 0.400E+01 0.400E+01
0.381E+02 0.898E+01 0. i8E+01 0.400E+01 0.400E+01
0.100E+02 0.100E+02 0.100E+02 0.100E+02 0.100E+02
0.900E+00 0.900E+00 0.900E+00 0.700E+00 0.700E+00
0.220E+00 0.220E+00 0.220E+00 0.200E+00 0.200E+0Q0
0.244E+01-0.250E+01-0.250E+01-0.250E+01-0.250E+01
0.200E+00 0.200E+00 0.200E+00 0.100E+01 0.200E+00
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UADJ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TIPM 0.200E+00 0.200E+00 0.200E+00 0.200E+00 0.200E+00
RHO 0.333E+00 0.333E+00 0.333E+00 0.333E+00 0.333E+00
WHCL 0.350E-01 0.350E-01 0.350E-01 0.350E-01 0.350E~-01
fmadj 0.300

fmlow 0.600

fmhgh 1.000

gladj 0.000

rlaps 0.000

elvrf 0.000

flgev 2.00 1 = pan; 2 = Hargreaves; 3 = Priestley-Taylor
albed 0.11

aw-a 0. 1 0.18 0.18 0.15 0.18
fpet 3.56 3.50 3.50 1.00 1.00
ftral 0.70 0.70 0.70 0.65 0.65
flint . 1. 1. 0. 1.
fcap 0.20 0.20 0.20 0.20 0.20
ffcap 0. 0.10 0.10 0.10 0.10
spore 0.30 0.30 0.30 0.30 0.30
sublm 0. 0. 0. 0. 0.
tempa 0.

temp3 500.

tton 500.

lat. 53.

mxmn 10.4 11.3 11.7 9.9 10.8 11.6 11.2 10.9 9.4 7.7 7.3 8.9
humid 63.4 60.1 60.8 61.0 55.1 55.8 57.0 57.1 60.8 64.4 71.0 69.3
pres 95.1 95.1 95.1 95.1 95.1 95.1 95.1 95.1 95.1 95.1 95.1 95.1

ti2 jan feb mar apr may Jjun Jjul aug sep oct nov dec
hl 0.51 0.51 0.51 1.31 1.31 1.51 1.61 1.61 1.61 1.61 1.11 0.51
h2 0.51 0.51 0.51 1.31 1.31 1.51 1.61 1.61 1.61 1.61 1.11 0.51
h3 0.51 0.51 0.51 1.31 1.31 1.51 1.61 1.61 1.61 1.61 1.11 0.51
h4 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
h5 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
ti3 delta low high parameter

ak -0.200E+00 0.500E+00 0.400E+01 0.120E+01

ak -0.200E+00 0.500E+00 0.400E+01 0.500E+00

ak -0.200E+00 0.500E+00 0.400E+01 0.500E+00

ak -0.200E+00 0.500E+00 0.400E+01 -0.100E+00

akfs ~-0.200E+00 0.500E+00 0.400E+401 0.120E+01

akfs -0.200E+400 0.500E+00 0.400E+01 0.500E+00

akfs -0.200E+00 0.500E+00 0.400E+01 0.500E+00

akfs -0.200E+00 0.500E+00 0.400E+01 ~0.100E+00

rec -0.200E+00 0.500E+00 0.400E+01 0.100E401

rec ~-0.200E+00 0.500E+00 0.400E+401 0.100E+01

rec -0.200E-01 0.200E-01 0.200E+00 0.100E+01

rec -0.200E-01 0.200E-01 0.200E+00 0.100E+01

r3 -0.200E-01 0.200E-01 0.200E+00 0.381E+02

r3 -0.200E-01 0.200E-01 0.200E+00 0.898E401

r3 ~-0.200E-01 0.200E~-01 0.200E+00 0.898E+01

r3 -0.200E-01 0.500E+01 0.500E+02 0.400E+01

fpet 0.500E-01 0.500E+00 0.500E+01 0.356E+01

fpet -0.500E-01 0.500E-01 0.500E+01 0.350E+01

fpet -0.500E-01 0.500E-01 0.500E+01 0.350E+01

fpet -0.500E-01 0.500E-01 0.500E+01 0.100E+01
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ftal
ftal
ftal
ftal
mf

mf

mf

mf
base
base
base
base
nmf
nmf
nmf
nmf
retn
retn
retn
retn
ak2
ak?2
akz
ak?2
ak2fs
ak2fs
ak2fs
ak2fs
lzf
pwr
r2n
theta
kcond
ab

.500E-01
.500E-01
.500E-01
.500E-01
.200E-01
.200E-01
.200E-01
.200E-01
.100E+00
.100E+00
.100E+00
.100E+00
.100E-03
.100E-03
.100E-03
.200E-01
.500E+00
.200E-01
.200E-01
.200E-01
.100E-01
.200E+00
.200E+00
.200E+00
.200E+00
.200E+00
.200E+00
.200E+00
.100E-07
.500E-01
.500E-02
.100E-01
.100E-03
.200E+00

OO OO OO O OO0 OO OOOO0OCO0o

.100E+00
.700E+00
.700E+00
.700E+00
.500E-01
.500E-01
.500E-01
.500E-01
.500E+01
.500E+01
.500E+01
.500E+01
L400E+01
.400E+01
.400E+01
.100E+00
.100E+01
.100E+0Q0
.100E+00
.100E+0Q0
.100E-01
.500E+00
.500E+00
.500E+00
.500E+0Q0
.500E+00
.500E+00
.500E+0Q0
.100E-(

.200E+00
.500E-02
.100E-01
.500E-02
.500E~(

OO0 OO OO OO O OO0 OO0 OC OO0 OO OO0 OCOO0O00O00oOo

.500E+01
.500E+01
.500E+01
.500E+01
.250E+00
.250E+00
.250E+00
.250E+00
.500E+01
.500E+01
.500E+01
.500E+01
.000E+00
.000E+00
.000E+00
.200E+00
.200E+03
.200E+00
.200E+00
.200E+00
.400E+01
.400E+01
.400E+01
.400E+01
.400E+01
.400E+01
.400E+01
.400E+01
.100E-04
.400E+01
.200E+01
.500E+00
.500E-01
.200E+00
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OO OO OO OO0 COOOOOOO0O0OO0o

.700E+00
.700E+00
.700E+00
.650E+400
.220E+00
.220E+00
.220E4+00
.200E+00
.244E+01
.250E+01
.250E+401
.250E+01
.200E+00
.200E+00
.200E+00
.100E+01
.100E+03
.800E+02
.800E+02
.100E+00
.100E+00
.140E-01
.140E-01
.140E-01
.200E-01
.840E+00
.840E+00
.840E+00
.100E-06
.250E+01
.280E-01
.263E+00
.612E-02
.984E+00













