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Figure 5.3 Schematisation of the division of a year into 73 blocks of 5 days (Terink, 2009) 
Top Panel: daily precipitation throughout the year; 

Bottom panel: first 65 days of the year resulting in 13 blocks of 5 days each 
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Figure 5.4 Average Precipitation Bias-Correction Parameter Values (1968-2000) 
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As shown, the a parameter has a value greater than one for all months with the 

exception of July and August, and it is highest in the winter period where the 

RCM underestimates the precipitation by the largest percentage. The b parameter 

has a value less than one in January, February and March and greater than one for 

the remainder of the year. A value greater than one indicates that the CV of the 

precipitation is enhanced by the correction. 

Figure 5.5 compares observed (AHCCD) average monthly precipitation with 

uncorrected RCM and bias-corrected RCM from the Goose Bay grid point. 

Figure 5.6 illustrates the comparison between uncorrected and bias-corrected 

precipitation for the current (1968-2000) and future (2038-2070) periods. 
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Figure 5.5 Observed and CGCM3-CRCM Precipitation at Goose Bay (1968-2000) 
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Figure 5.6 Current and Future CGCM3-CRCM Precipitation at Goose Bay 

As shown in Figure 5.5, the bias-correction presents a significant improvement in 

the match with observed precipitation. It is interesting to note the magnitude of 

the average March precipitation in the future climate period shown in Figure 5.6. 

As the corrections determined to bring the current period RCM precipitation in 

line with observed were applied equally to both current and future periods, some 

seemingly unrealistic future snowfall amounts resulted; other correction methods 

for winter precipitation should be considered in future studies. 

5.2.2 Temperature Bias Correction 

The method presented by Leander and Buishand (2007) to correct the mean and 

variability of RCM temperature uses the following equation. 
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T* -T (T -T) * u(Tohserved) (-T -T ) = + - + observed - RCM 
u(TRCM) 

In this equation T * is the bias-corrected RCM temperature, T is the uncorrected 

RCM temperature, T indicates 30-year average, and a is the standard deviation. 

To reduce sampling variability, mean and standard deviation values were 

determined for each 5-day period of the year, including the 30 days before and 

after the considered 5-day period, and averaged over the current climate period 

( 1968 to 2000). 

Figure 5.7 compares observed average monthly temperature with uncorrected 

RCM and bias-corrected RCM from the Goose Bay grid point. Figure 5.8 

illustrates the comparison between uncorrected and bias-corrected temperature for 

the current and future periods. 

-30 !------

Figure 5.7 Observed and CGCM3-CRCM Temperature at Goose Bay (1968-2000) 
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Figure 5.8 Current and Future CGCM3-CRCM Temperature at Goose Bay 
(data points are removed for clarity) 

5.3 Current versus Future Climate 

5.3.1 Temperature 

The CGCM3-CRCM predicted increase in mean annual temperature at Goose Bay 

for the future climate period (2038-2070) relative to the current climate period 

(1968-2000) is 2.4 degrees C. The distribution of this change by month is 

illustrated in Figure 5.8 for both uncorrected and bias-corrected RCM 

temperatures (mean annual change is the same for both data sets). Table 5.1 

summarizes the monthly temperature difference in the bias-corrected RCM data. 
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Table 5.1 Current and Future Temperature at Goose Bay 

Monthly Average Temperature (deg C) Difference 
Month 

Current Period Future Period (Future-Current) 

(1968-2000) (2038-2070) (deg C) 

January -17.8 -14.0 +3.8 
February -16.5 -12.9 +3.6 
March -8.7 -6.5 +2.2 

April -1.9 0.1 +2.0 
May 5.5 7.2 +1.7 

June 11.2 13.1 +1.9 

July 16.0 18.5 +2.5 
August 14.4 16.9 +2.5 

September 9.4 11.6 +2.2 

October 3.3 4.9 +1.6 

November -5.1 -2.5 +2.6 
December -11 .8 -10.1 +1.7 

Annual -0.1 2.3 +2.4 

5.3.2 Precipitation 

The CGCM3-CRCM predicted increase in mean annual precipitation at Goose 

Bay for the future climate period relative to the current climate period is 1 0 

percent (uncorrected precipitation) or 11 percent (bias-corrected precipitation). 

The distribution of these changes by month is illustrated in Figure 5.6. Table 5.2 

summarizes the monthly precipitation difference in the bias-corrected RCM data. 
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Table 5.2 Current and Future Precipitation at Goose Bay 

Monthly Average Precipitation (mm) Difference 
Month 

Current Period Future Period (mm) (%) 
(1968-2000) (2038-2070) 

January 89 101 + 12 + 13 

February 78 100 +22 +28 

March 89 119 +30 +33 

April 82 97 + 15 + 18 
May 82 88 +6 +7 

June 94 Ill +17 + 17 

July 119 123 +4 +3 

August 116 121 +5 +4 

September 97 118 +2 1 +22 

October 96 96 - -
November 85 95 + .10 + 12 

December 107 93 - 14 -1 3 

Annual 1134 1260 +126 +11 

5.4 Daily Temperature Range 

In addition to comparing the observed and RCM mean temperatures (as discussed 

in Section 5.1 ), an investigation of daily temperature ranges was conducted. 

Observed and CGCM3-CRCM average daily temperature ranges were compared 

and the influence of daily temperature range on simulated flow was checked. 

Daily temperature range was calculated based on observed hourly temperatures 

and RCM 3-hourly temperatures over the period 1968-2000. The temperature 

bias-correction procedure did not affect the temperature variation within the day 

and therefore uncorrected and bias-corrected daily ranges were equal. The daily 

maximum and minimum temperature series from the RCM were also obtained 

and average daily range compared. The average daily temperature range from 
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each data set was estimated for each 5-day period of the year, considering the 30 

days before and after in the calculation of each 5-day period average, similar to 

the procedure used in the temperature and precipitation bias-correction methods. 

Figure 5.9 illustrates this comparison. 

25 .----------------------, 

- RCM daily temp range 

- RCM 3-hrty temp range 

--------1 - Observed hr1y temp range 

o +-~~~-~-~-~~-~-~-~-~~~ 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Figure 5.9 Observed and CGCM3-CRCM Daily Temperature Range 

at Goose Bay (1968-2000) 

A comparison between RCM data sets (green and pink curves in Figure 5.9) 

illustrates the expected result: the average daily range of the 3-hourly RCM data 

is lower than the actual daily range as predicted by the RCM (daily maximum 

minus daily minimum). This difference is due to the resolution of the 3-hourly 

data - the coarser the resolution of the data, the lower the daily range is expected 

to be. 
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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 the 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 hydrological model was simulated with observed daily average temperatures 

and the resulting streamflow was compared to that determined using hourly 

temperatures. Figure 5.10 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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The results suggest that the hydrological model is not overly sensitive to daily 

temperature range except for the month of the spring peak (May) where the 

average streamflow is higher for the daily temperature simulation. The lower 

May peak in the hourly temperature case could be due to a reduced snowpack 

resulting from sublimation during the warmest part of the day which is not 

represented in the daily temperature case. 

Daily average temperature by definition have zero daily temperature range. The 

RCM daily temperature range as shown in Figure 5.9 is closer to observed than 

zero, and hence it is expected that the sensitivity of the hydrological model to the 

error in RCM daily temperature range would be less severe than that illustrated in 

Figure 5.10. Therefore, due to the slight effect anticipated from correction of this 

characteristic of the RCM data, it was not corrected prior to simulation in the 

hydrological model. 

5.5 NCEP-CRCM Climate 

As discussed in Section 2.3, reanalysis models simulate past climate usmg 

historical observations and numerical weather forecasts to provide an accurate 

record of atmospheric fields. As such, reanalysis predictions are expected to be 

more realistic than those from any GCM. Reanalysis data are often used to 

provide the boundary conditions for RCMs. The comparison between a GCM­

driven run and one driven by reanalysis data provides the potential to discriminate 

between the bias resulting from the driving GCM and the bias introduced by the 
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RCM (Leander, 2007). This was the goal in using reanalysis data in the current 

study. 

As discussed in Section 3.3.3, NARCAPP modellers included NCEP reanalysis­

driven RCM runs in their climate modeling matrix. Temperature and 

precipitation data sets from the NCEP-CRCM runs have been used in this 

research for comparison with CGCM3-CRCM climate predictions, as described in 

the following sections. 

5.5.1 Temperature 

Figure 5.11 presents the companson between observed, uncorrected NCEP­

CRCM and uncorrected CGCM3-CRCM average monthly temperature at Goose 

Bay. The 1979-2000 period was chosen for this comparison as this is the period 

for which NCEP-CRCM data are available. As shown, the NCEP-CRCM 

predicted monthly average temperature is generally closer to observed. Table 5.3 

summarizes the information numerically. 
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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 December_ The percentage improvement of the NCEP-

CRCM estimate over the CGCM3-CRCM estimate ranges from -192 percent 

(December) to +64 percent (May) and the annual average is a +35 percent 

improvement. 

The bias-correction procedure 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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Table 5.3 

Comparison of Temperature between Observed and Uncorrected RCM (1979-2000) 

Temperature (deg C) 
Difference (deg C) *Improvement 

(Modeled - Observed) ofNCEP-
Month CRCM over 

Observed 
CGCM3- NCEP- CGCM3- NCEP- CGCM3-
CRCM CRCM CRCM CRCM 

CRCM(%) 

January -17.6 -22.8 -21 .8 -5.2 -4.2 + 19 

February -16.1 -22.0 -19.7 -5.9 -3.5 +40 

March -9.0 -13.4 -12.3 -4.4 -3.3 +26 

April -1.0 -6.3 -3.1 -5.3 -2.1 +60 

May 5.4 0.9 3.8 -4.5 -1.6 +64 

June 11.1 5.8 8.8 -5.4 -2.3 +57 

July 15.1 9.1 12.0 -6.0 -3.1 +48 

August 14.9 7.5 11.3 -7.4 -3.6 +52 

September 9.7 4.0 6.6 -5.6 -3. 1 +45 

October 2.7 -1.0 -0.2 -3.8 -2.9 +22 

November -4.1 -9.1 -9.1 -5.0 -4.9 + I 

December -13.4 -14.8 -1 7.5 -1.4 -4.1 -192 

Annual -0.1 -5.1 -3.3 -5.0 -3.2 +35 

* Improvement calculated as percentage of difference between CGCM3-CRCM and observed. 
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Figure 5.12 Observed and NCEP-CRCM Temperature at Goose Bay (1979-2003) 
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5.5.2 Precipitation 

Figures 5.13 presents a comparison between observed, uncorrected NCEP-CRCM 

and uncorrected CGCM3-CRCM average monthly precipitation at Goose Bay. 

As shown, the NCEP-CRCM predicted precipitation is closer to observed for 

most months. Table 5.4 summarizes the comparison numerically. 

160 r------------~==============~ 
-+-Observed (AHCCD) 

140 1---------- --- -+-NCEP-CRCM (uncorrected) 

-+-cGCM3-CRCM (uncorrected) 

20 ~-----------------

Figure 5.13 Observed and Uncorrected RCM Precipitation at Goose Bay (1979-2000) 

The NCEP-CRCM precipitation predictions are closer to observed for every 

month with the exception of August, September, October, and December. The 

percentage improvement of the NCEP-CRCM estimate over the CGCM3-CRCM 

estimate ranges from -105 percent (August) to +53 percent (April) and the annual 

average is a +I 7 percent improvement. 
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Table 5.4 

Comparison of Precipitation between Observed and Uncorrected RCM (1979-2000) 

Precipitation (mm) 
Difference (%) *Improvement 

ofNCEP-
Month CRCMover 

Observed CGCM3- NCEP- CGCM3- NCEP- CGCM3-

(AHCCD) CRCM CRCM CRCM CRCM CRCM (%) 

January 96.3 52.0 60.7 -46.0 -37.0 +19 

February 79.3 38.2 51.0 -51 .9 -35.7 +3 1 

March 94.8 44.8 70.5 -52.7 -25.6 +51 

April 79.7 49.7 65.6 -37.7 -1 7.7 +53 

May 80.4 67.9 67.9 -15.6 -1 5.5 + I 

June 104.4 72.6 88.3 -30.4 -1 5.4 +49 

July 130.2 108.1 111 .5 -17.0 -14.4 + 15 

August 102.4 107.0 93.0 +4.5 -9.1 -105 

September 102.3 85.0 81.8 -16.9 -20.0 -18 

October 93.5 80.5 76.9 -13.8 -17.7 -28 

November 95.9 68.5 73.9 -28.6 -23.0 +20 

December 96.4 76.9 60.3 -20.2 -37.4 -86 

Annual 1155.6 851.2 901.4 -26.3 -22.0 +17 

* improvement calculated as percentage of dtfference between CGCM3-CRCM and observed. 

From a qualitative perspective, the NCEP-CRCM precipitation also appears to 

have an improved climate signature or phasing when compared to the 

precipitation from the CGCM3-CRCM. While there is still a significant general 

underestimate in monthly NCEP-CRCM precipitation when compared to 

observations, these bias differences appear to have a more constant bias when 

compared to the CGCM3-CRCM. A simple correlation analysis between 

uncorrected monthly precipitation with observed (AHCCD) for the overlapping 

period (1979-2000) gives correlation coefficient (r2
) scores of 0.1 2 for CGCM3-

CRCM and 0.41 for the NCEP-CRCM. This result confirms the qualitative 

observation. 
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The precipitation bias-correction procedure described in Section 5.2.1 was applied 

to the NCEP-CRCM data. Figure 5.14 compares the bias correction parameters 

for the both simulations. As shown, the NCEP-CRCM mean correction factor (a) 

is much lower than the CGCM3-CRCM factor in the first six months of the year. 

The values of a are similar for the month of June and then the NCEP-CRCM 

factor exceeds that of the CGCM3-CRCM for the remainder of the year, though 

by a small amount. The bias-correction resulted in monthly average precipitation 

that was closer to observed, though slightly overestimated, as shown in Figure 

5.15. 

2.5 ,----------------;::==~~~~ 
- a (CGCM3-CRCM) 

• • · a (NCEP-CRCM) 

- b (CGCM3-CRCM) 

:...:.:b (NCEP-CRCM) 

0.5 ------------------------j 

Figure 5.14 Precipitation Bias-Correction Factor Comparison 
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Figure 5.15 Observed and NCEP-CRCM Precipitation at Goose Bay (1979-2003) 

5.5.3 GCM vs. RCM Error in Climate Predictions 

Since reanalysis predictions of atmospheric fields are more accurate than GCM 

predictions, the comparison of output from reanalysis-driven RCM runs and 

GCM-driven RCM runs provides the opportunity to assess the attribution of error 

between the GCM and RCM. This comparison is useful only under the 

assumption that errors associated with initial conditions and RCM model forcing 

(i.e. reanalysis data) are small compared to the error associated with the RCM. 

As summarized above, NCEP-CRCM temperatures were more accurate than 

CGCM3-CRCM temperatures for every month with the exception of December. 

On average, NCEP-CRCM temperatures were closer to observed than CGCM3-

CRCM by 35 percent. Assuming that the error associated with NCEP-CRCM 
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predictions are due solely to the RCM (i.e. the error associated with initial 

conditions and reanalysis data are negligible), the above noted result suggests that 

on average, 35 percent of the error in the CGCM3-CRCM temperature predictions 

is attributable to the GCM, and the remaining 65 percent of the error is 

attributable to the RCM. 

In terms of precipitation, NCEP-CRCM was more accurate than CGCM3-CRCM 

for each month with the exception of August, September, October, and December. 

On average, NCEP-CRCM precipitation was closer to observed by 17 percent. 

Again assuming that the error associated with initial conditions and reanalysis 

data is negligible compared to that of the RCM, this result suggests that 17 

percent of the error in the CGCM3-CRCM precipitation predictions is attributable 

to the GCM, and the remaining 83 percent of the error is attributable to the RCM. 

The above noted error attribution analysis is not exhaustive but nonetheless 

suggests that RCM bias dominated the overall error and that this error has little 

dependence on which set of boundary conditions (GCM or NCEP) was used to 

force the model. Further analysis is required to understand the error structure in 

light of reanalysis and measurement error data quality, cross-correlation between 

data error and model error, and the spatial character of the data over a larger study 

area. 

Although using reanalysis data to provide the boundary conditions to the GCM is 

more accurate than using an RCM to do so, reanalysis data cannot be used for the 
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assessment of climate change impacts smce 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 

calibrated 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 model 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 

expected based on elevation). Because of this difference the model will not 

produce accurate results for 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 two RCM grid points was over 0.99. 
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Based on the assumptions described above, RCM climate from the Goose Bay 

grid point was used in this study for the assessment of the impacts of climate 

change on Pinus River flow. In essence, this study assumes that the Pinus River 

basin has the same climate as Goose Bay (with the exception of a slight difference 

in temperature) and will experience the same change in climate as is predicted to 

occur at Goose Bay. 

6.2 Simulation with Observed Climate 

The Pinus River basin hydrological model was calibrated by simulating 

streamflow using Goose Bay observed temperature and precipitation as input. 

The results of the calibration are described in Section 4.3 of this thesis. 

Once calibrated, the hydrological model was used to simulate streamflow based 

on a longer period of observed climate (1968-2008). This period overlaps with 

the RCM current climate period; the comparison of simulated streamflow based 

on observed and RCM climate is discussed in Section 6.3. 

Some interesting trends were noticed in the simulated streamflow based on 

observed climate. Figure 6.1 compares the simulated streamflow for the model 

calibration period (1999-2008) and the RCM current climate period (1969-2000). 
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Figure 6.1 Simulated Pinus River Flow under Observed Climate in 

Calibration Period and CGCM3-CRCM Current Climate Period 

As shown, there is a significant difference in May and June flow between the two 

simulations. In the more recent calibration period, the spring runoff peak occurs 

in May and the streamflow quickly recedes with the June average flow Jess than 

half of the May flow. This is not the case in the longer and earlier simulation of 

1969-2000. The spring peak is lower and spans the months of May and June, 

dropping to summer levels (similar to the calibration period) in July. 

Figure 6.2 compares the monthly average simulated Pinus River flow for the 

following three consecutive but overlapping 20-year periods: 1969-1988, 1979-

1998, and 1989-2008. 
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Figure 6.2 Simulated Pinus River Flow under Observed Climate 

in three consecutive 20-year periods 

A similar trend is apparent as that in Figure 6.1 ; it appears based on the 

comparison of these 20-year averages that May flow is increasing slightly over 

time and June flow is decreasing in a much more pronounced fashion. The mean 

annual flow corresponding to these three periods is also decreasing with time, 

from 19.1 m3/s (1969-1988) to 18.8 m3/s (1979-1998) to 16.7 m3/s (1989-2008). 

This apparent trend is, in fact, consistent with observations from across Canada 

where hydrologic basins are experiencing earlier and more intense spring melt 

periods. Burn (2002) detected significant trends in several hydrologic variables 

implying earlier spring melt conditions. Of the 50-60 hydrometric records from 

across the country that were used in the analysis, he found that the percentage of 
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stations displaying increasing trends for March and April flows were 38 and 33 

percent, respectively, while 28 percent of stations displayed a decreasing trend for 

June flows. While more data will be required to confirm this finding for the 

Churchill River basin, it is worth noting that the recent period may already be 

experiencing a climate signal. A separate study would be warranted to look into 

whether or not the apparent trends are related to climate change or simply a 

function of natural variation. 

6.3 Simulation with CGCM3-CRCM Modeled Climate 

6.3.1 Comparison with Observed Climate Simulations 

The hydrology of the 1968-2000 period was simulated with both observed and 

modeled climate, as illustrated in Figure 6.3. The monthly average simulated 

flows corresponding to both uncorrected and bias-corrected RCM inputs are 

shown (dotted and solid pink curves, respectively). 

The spring peak of the uncorrected RCM hydrograph is late as a result of the 

underestimation of temperature which delays the model spring melt. Also the 

uncorrected RCM simulated flows are lower than observed throughout the year 

but particularly in the spring; this is a result of the underestimation of 

precipitation which was most deficient in the winter (approximately 50 percent 

lower than observed in January, February, and March). The bias-corrected RCM 

hydrograph is an improvement and represents a plausible condition; however, 

differences remain with the observed climate hydrograph and these are related to 
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the bias-correction methods applied to the RCM temperature and precipitation. 

Although simulated flows under RCM climate may not be highly accurate, the 

comparison of simulated flow under current and future period RCM climate is 

expected to provide a reasonable indication of the effects of climate change on 

streamflow. 

70 r---------------------~==================~ 
-.observed Climate at Goose Bay 

60 -j---------------------- --CGCM3-CRCM Bias-corrected 

--CGCM3-CRCM Uncorrected 
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Figure 6.3 Simulated Pious River Flow under Observed and CGCM3-CRCM Climate 

(1969-2000) 

To further investigate the relative influence of the RCM temperature and RCM 

precipitation in the differences noted above, additional simulations were 

conducted. These "mix and match" simulations used observed climate for either 

temperature or precipitation, and bias-corrected RCM climate for the other. 
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Figure 6.4 illustrates the resulting simulated monthly average flows from these 

two simulations. 

70 .----

60 +--------

- Observed Temp and Precip 

- - Observed Temp and RCM Precip 
(Bias-Corrected) 

- - Observed Precip and RCM Temp 
(Bias-Corrected) 

Figure 6.4 Simulated Pious River Flow under Mix and Match Simulation Scenarios 

(data points are removed for clarity) 

Both of the dotted curves shown in Figure 6.4 are conceivable; however the 

simulation with observed temperature and RCM precipitation (dotted pink curve) 

seems to provide a better fit with the observed temperature and precipitation 

hydrograph (solid blue line). When modeled temperature and observed 

precipitation are used as input to the hydrological model, the resulting monthly 

average hydrograph (dotted green curve) does not fit the observed curve as well; 

the May flow is too low and the June flow is slightly too high. This result 

suggests that the differences between the solid blue and pink curves in Figure 6.3 
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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 diurnal temperature variation) lead to differences in the simulated 

streamflow. 

6.3.2 Current versus Future Streamflow 

The question of how climate 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 average 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 

increases in February and March precipitation in the order of 30 percent as 

described in Section 5.3. The percentage increases in monthly average flow are 

summarized in Table 6.1. 
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Figure 6.5 Simulated Pinus River Flows under Current and Future Climate 

(CGCM3-CRCM bias-corrected climate) 

Table 6.1 Simulated Pinus River Flow under Current and Future Climate 

Monthly Average Flow (m3/s) Difference 
Month 

Current Climate Future Climate (%) 
(1968-2000) (2038-2070) 

January 7.8 10.7 36.7 
February 5.4 7.3 33.6 
March 5.9 10.4 76.6 
April 8.9 17.4 95.8 
May 47. 1 55.8 18.5 

June 39.0 32.4 -17.1 
July 17.0 17.6 3.4 

August 13.5 13.8 2.6 
September 13.8 14.5 5.1 

October 14.3 16.1 12.8 
November 16.8 18.1 7.4 
December 15.9 17.5 10.2 

Annual 17.2 19.4 12.8 
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In comparison with Figure 6.5, Figure 6.6 presents the monthly average simulated 

flow for the current and future periods based on the raw uncorrected CGCM3-

CRCM temperature and precipitation inputs. Although the annual hydrographs 

are not plausible due to the biases associated with these uncorrected data, it is 

interesting to see how the predicted changes in temperature and precipitation from 

the uncorrected RCM data translate to a change in streamflow. 

70 

- Future Period (2039-2070) 

----------
- current Period (1969-2000) 

60 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Figure 6.6 Simulated Pinus River Flow under Current and Future Climate 

(CGCM3-CRCM uncorrected climate) 

The increase in streamflow between current and future periods using uncorrected 

inputs is not as great as the increase predicted using bias-corrected inputs; 

however on an annual basis, future period streamflow is still predicted to be 8.3 

percent higher. The difference between this 8.3 percent estimate and the 12.8 
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percent estimate derived from the use of bias-corrected inputs is related to the 

bias-correction methods applied to the original RCM data, and is expected to be 

within the range of uncertainty of this assessment. 

Figure 6. 7 presents the companson of current and future period predicted 

streamflow (based on bias-corrected temperature and precipitation) as a flow­

duration curve. This type of curve illustrates the percentage of time that flow can 

be expected to equal or exceed a specified value. For example, it is expected that 

a flow of 11.1 m3 Is will be equalled or exceeded 50 percent of the time in the 

current period, whereas the corresponding flow in the future period is 13.4 m3/s. 

This type of plot is believed to have been first used by the American engineers in 

the late 1800s. It is most frequently used for determining water-supply potentials 

in planning and design of water resource projects, particular hydroelectric ones 

(Chow, 1964). It should be noted that there is considerable inaccuracy in the 

simulated flows under RCM climate; however the relative change between current 

and future simulated streamflow is expected to provide a reasonable estimate of 

the effect of climate change on streamflow in the Pinus River basin. 
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Figure 6.7 Flow Duration Curves under Current and Future Climate 

(CGCM3-CRCM bias-corrected climate) 

6.4 Simulation with NCEP-CRCM Modeled Climate 

Section 5.5 describes the comparison of NCEP-CRCM and CGCM3-CRCM 

temperature and precipitation inputs. As mentioned in that section, the reanalysis-

driven RCM run (NCEP-CRCM) removes much of the error associated with the 

boundary conditions of the RCM since reanalysis data are more realistic than 

GCM model output. As a result, the NCEP-CRCM predicted temperature and 

precipitation are more accurate than those from the CGCM3-CRCM run, as 

shown in Section 5.5. 

Figure 6.8 illustrates the monthly average observed and simulated streamflow 

based on both uncorrected CGCM3-CRCM and NCEP-CRCM inputs. 
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Figure 6.8 Simulated Pinus River Flow under Observed and Uncorrected RCM Climate 

(1980-2000) 

As shown in Figure 6.8, the timing of the spring runoff is different in the two 

RCM cases. The timing of the NCEP-CRCM spring runoff appears to be in line 

with observed; however the CGCM3-CRCM spring runoff occurs later as a result 

of the underestimation of temperatures which is more severe in this case. The 

annual volume of runoff is underestimated in both RCM cases and this is a result 

of the underestimation of precipitation. The annual average flows based on 

observed, NCEP-CRCM and CGCM3-CRCM climates are 19.0 m3/s, 12.7 m3/s 

and 13.2 m3/s, respectively. 

Figure 6.9 illustrates the monthly average observed and simulated flows based on 

bias-corrected CGCM3-CRCM and NCEP-CRCM inputs. 
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Figure 6.9 Simulated Pinus River Flow under Observed and Bias-Corrected RCM Climate 

(1980-2000) 

As shown 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 flows based on observed, NCEP-CRCM and CGCM3-CRCM climates 

are 19.0 m3/s, 19.3 m3/s, and 17.9 m3/s, respectively. 

102 



Chapter 7 Discussion 

In 2008, Nalcor Energy initiated a program in partnership with Memorial 

University of Newfoundland to study the effects of climate change on the 

hydroelectric potential of the proposed Lower Churchill Project. The current 

research forms an early phase of this program. The objective of this thesis was 

not to provide a definitive answer to this complex climate change question, but 

rather to accumulate and assess some of the more recently available data sets and 

develop approaches that could be applied and extended in future as this research 

moves forward. 

Many climate change impact assessments described in the literature use the 

change factor approach or statistical downscaling to transfer the results of GCMs 

to a scale appropriate for local impacts assessment. These methods are known to 

have several limitations but are used extensively due to their relative ease of 

application compared to dynamic downscaling with regional climate models. 

Dynamic downscaling is considered to be the most scientifically rigorous 

downscaling method and new data sources have allowed it to be examined here. 

In the current study, regionally downscaled climate were obtained through. the 

North American Regional Climate Change Assessment program (NARCCAP), 

and an attempt was made to use these data directly to force a hydrological model 

to assess water resources impacts. Unfortunately, a limitation of the data 
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available from NARCCAP at the time of this research was that only one emission 

scenario was used in the modeling. There is considerable variability in projected 

GHG emissions, and the SRES A2 scenario represents just one possible forecast 

based on estimates of the nature of future society. Many studies in the past have 

utilized a number of emission scenarios to understand the range of future impacts. 

It is interesting to note however, that the IPCC emission scenarios were originally 

developed in 2000 and there has been some concern expressed that many scenario 

emission rates are low compared to actual emissions observed over the past 

decade. The A2 scenario, used here, was one of the most pessimistic views of 

future emissions at the time of scenario development; it turns out that actual 

global emissions over the past decade have tracked more closely to this scenario 

than many of the others (Lines, 201 0). While this is not good news for the planet, 

it does reinforce the choice of a pessimistic emission option and makes the use of 

studies based on more optimistic views of human behaviour less credible. 

NARCCAP modellers are in the process of completing simulations for multiple 

RCMs nested within simulations from a number of different GCMs. At the time 

of this research, the matrix of simulations (presented in Table 3.3) to be 

completed was far from complete. New results continue to be posted on a regular 

basis. Some of the earliest data available through the NARCCAP program was 

output from Canadian models using the CRCM nested within the CGCM3. These 

data were used for this "proof-of-concept" study since results for the observed 

climate period looked more representative for the Labrador region than many of 
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the other offerings. This appraisal was completely subjective but provided a 

means of moving forward knowing that other model combinations would be 

completed as part of future studies. No two climate models provide the same 

result and it is difficult to predict which model will provide the most accurate 

representation of climate in the region of interest. It has been suggested that an 

"ensemble" approach be applied whereby the results of a number of different 

climate models are used in climate change impacts analysis. Minville et al. 

(2008) suggest that impacts studies based on results from a single GCM should be 

interpreted with caution. As more and more results are assembled through 

NARCCAP, future studies for Nalcor will assess ensemble methodologies and 

probabilistic forecasts based on these predictions. 

At the beginning of this research it was hoped that dynamically downscaled 

climate data could be used directly as input to the hydrological model. However, 

in this research comparisons between observed and modeled climate at Goose 

Bay revealed significant biases in both RCM output of temperature and 

precipitation, leading to unrealistic hydrographs for the current period. It was 

important for the work to use plausible streamflow results rather than report 

changes derived from unrealistic results; therefore, much of the research for this 

thesis was devoted to correcting these biases. Bias correction methods were 

researched and evaluated and a non-linear correction method was implemented. 

A major assumption of this bias-correction procedure is that the future RCM 

climate simulations suffer from the same problems as the current RCM climate 
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simulations. Accordingly, the bias correction factors were applied equally (in 

both magnitude and in timing) to both current and future RCM output. Whlle this 

is a plausible assumption, it ignores the possibility of changed seasonality of 

future climate. Consider, for example, that if the future winter period were 

shorter than the current winter period, it would be more appropriate to apply a 

bias-correction based on current winter conditions to this shorter period. In this 

study, corrections are applied based on a Julian day application criteria only; 

application of these corrections based on model condition may provide a more 

realistic result but would be complex to develop and apply in an unbiased way. 

As it is, the bias correction method considers contributions from a 65-day period 

and is applied separately for 73 5-day periods. As a result the correction method 

should be relatively immune to all but the largest shifts in seasonality. 

Another interesting investigation of this research relates to the source of the 

above-noted biases between the two components of potential uncertainty (GCM 

and RCM). Investigation of the sources and relative magnitudes of uncertainty in 

climate forecasts are evident in the current literature. Through comparison of 

results from RCM simulations forced with reanalysis data, it was determined that 

the RCM was responsible for approximately 65 percent of the temperature bias 

and 83 percent of the precipitation bias. This result indicates that further work is 

warranted in the refining of regional climate modeling schemes. 
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The transfer of climate signals to streamflow was conducted using the 

hydrological model W A TFLOOD. While this model neglects many of the 

detailed energetic processes associated with snowmelt and evapotranspiration, it 

has proven over time to give robust estimates of streamflow in current climates 

using a minimum of input data (only temperature and precipitation inputs were 

used in the current research). Since the Pinus River watershed has no measured 

atmospheric data available, it was decided to use a simple hydrological model that 

would at least provide acceptable results for the current period based on climate 

variables measured at a nearby gauge. 

The current study has assessed the potential impacts of climate change on the 

flow in the Pinus River. It is assumed that similar changes might be expected 

throughout the entire Churchill River watershed; however this has not been 

investigated as part of this thesis. 

The following section summarizes the major conclusions of this thesis as well as 

various aspects of the current research that could be extended in the future to 

provide a more robust estimate of the impacts of climate change on the 

hydroelectric potential of the Lower Churchill Project. 
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Chapter 8 Conclusions and Recommendations 

8.1 Conclusions 

The main findings of this research are provided as follows. 

• Although there are no observed climate data available from within the 

Pinus River basin, an acceptable hydrological model calibration was 

achieved using Goose Bay climate (Nash-Sutcliffe coefficient of 0.80 and 

r2 of0.81). 

• Monthly average precipitation at Goose Bay from the Adjusted Historical 

Canadian Climate Database (AHCCD) was between 7 and 37 percent 

higher than the original gauge precipitation. The use of AHCCD 

precipitation led to a significant improvement in the simulated hydrograph 

at the Pinus River gauge and was thus used as the observed precipitation 

data set in this study. 

• Monthly average temperatures at Goose Bay from the AHCCD were 

within 0.2 degrees C of the original gauge temperatures. Since the 

difference was small and because hourly temperatures were not available 

from the AHCCD, the original gauge temperature data were used in this 

study. 
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• Significant temperature and precipitation biases were detected in CGCM3-

CRCM output. Monthly average RCM temperature was between 2.3 and 

7.0 degrees lower than observed; monthly average RCM precipitation was 

between 5 and 53 percent lower than observed, with the largest difference 

occurring in the winter. 

• Monthly average temperature from reanalysis driven CRCM simulations 

was closer to observed than CGCM3-CRCM for all months with the 

exception of December. On average, the reanalysis driven RCM 

temperature was 35 percent closer to observed than the CGCM3-CRCM 

temperature. 

• Monthly average precipitation from reanalysis driven CRCM simulations 

was closer to observed than CGCM3-CRCM for all months with the 

exception of August, September, October, and December. On average, the 

reanalysis driven RCM precipitation was 17 percent closer to observed 

than the CGCM3-CRCM precipitation. 

• Under the A2 future emissions scenano, the bias-corrected CGCM3-

CRCM output suggests a 2.4 degrees C increase in temperature and an 11 

percent increase in precipitation at Goose Bay between the current climate 

period (1968-2000) and the future climate period (2038-2070). 
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• The current research resulted in a projected mcrease m runoff of 

approximately 13 percent. This is consistent with the IPCC figure 

presented in Section 1.1 which suggests an increase in runoff of between 

I 0 and 20 percent based on an ensemble of GCM model output. 

8.2 Recommendations 

This thesis summarizes the work completed as an early phase of a broader 

research program being conducted at Memorial University. As such, this thesis 

presents various methods and data sets that may be extended by other researchers 

as this study continues. The following list presents some of the future work that is 

recommended to move towards a more robust understanding of the impacts of 

climate change on the hydroelectric potential of the Lower Churchill Project. 

• A range of future emission scenarios should be considered, and updated 

scenarios should be used when they become available. 

• Results from different climate model simulations should be used. There 

are currently data sets available through NARCCAP for several more 

GCM-RCM combinations. 

• A hydrological model of the entire Churchill River basin should be 

developed. It would be extremely valuable to have additional climate and 

streamflow monitoring stations throughout the basin for calibration of 

such a model. 
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• If sufficient data can be obtained, consideration should be given to the use 

of a more sophisticated hydrological model to more accurately represent 

the energy balance and hence processes such as snowmelt and 

evapotranspiration. 

• As additional years of streamflow data are collected, hydrological model 

verification should be completed. 

• Based on the biases discovered in CRCM temperature and precipitation 

for Goose Bay, it would be advantageous to perform additional regional 

climate modeling focussed on the Labrador region to understand and 

correct the problems discovered in the CRCM. 

• Consideration should be g1ven to bias-correcting RCM data based on 

condition rather than timing as future climate predictions may include 

changes in seasonality of climate. 

• Climate changed streamflow sequences should be input to a reservoir/ 

generation model to determine how a change in flow translates to a change 

in energy generation potential. 

• Further research should be conducted to look into the effects of climate 

change on extreme flows (floods and droughts) in the Churchill River 

basin. 
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Appendix A 

Summary of Research Data Sources 
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CLIMATE DATA 

Original Observed 
Daily Climate Data 

Environment Canada (Gerard Morin at CLIMATE.ATLANTIC@EC.GC.CA) 

Churchill Falls Automatic Station (8501130) - Not quality assured: Dec 1, 1992 to Jul23, 2009 
Goose Manual Station (8501900) - Not quality assured: Dec 1, 1992 to Jul 23, 2009 

Churchill Falls Automatic Station (8501130) - Quality assured: Jan 1, 2006 to Dec 31 , 2007 
Churchill Falls Manual Station (8501132) - Quality assured: Nov 1, 1968 to Mar 31 , 1993 

Goose Manual Station (8501900) - Quality assured: Jan 1, 1953 to May 31 , 2009 

Hourly Climate Data 
Environment Canada (Gerard Morin at CLIMATE.ATLANTIC@EC.GC.CA) 

1. Churchill Falls Auto Station (8501130): Feb 1, 1994 to Jul 24, 2009 
2. Churchill Falls Manual Station (8501132): Nov 11 , 1968 to Mar 31 , 1993 

3. Goose Manual Station (8501900): Jan 1, 1953 to Jul 24, 2009 

Tipping Bucket Rain Gauge Data (Hourly Rainfall) 
Environment Canada (Gerard Morin at CLIMATE.ATLANTIC@EC.GC.CA) 

1. Churchill Falls Manual Station (8501132): Feb 1, 1969 to Aug 1, 1992 
2. Goose Manual Station (8501900): May 1, 1961 to Dec 1, 2007 

Adjusted Observed 
Adjusted Historical Canadian Climate Data - Daily Precipitation 

Environment Canada (http://www.cccma.ec.gc.ca/hccd/index_e.shtml) - Eva Mekis (Eva.Mekis@ec.gc.ca) 
1. Churchill Falls Manual Station (8501132): Jan 1, 1969 to Mar 31 , 1993 

2. Goose Manual Station (8501900): Jan 1, 1942 to Dec 31 , 2008 

Adjusted Historical Canadian Climate Data - Daily Temperature 
Environment Canada (http://www.cccma.ec.gc.ca/hccd/index_e.shtml) - Lucie Vincent (Lucie.Vincent@ec.gc.ca) 

1. Goose Manual Station (8501900): Dec 1, 1941 to Dec 31, 2008 
(not available for Churchill Falls yet) 

Downscaled 
NARCCAP downscaled temperature and precipitation (3-hourly) 

Apply for Data Access through Seth McGinnis (NARCCAP User Community Manager) at mcginnis@ucar.edu 
Download data through Earth System Grid login (https:/lwww.earthsystemgrid.org/security/loginout.htm?) 

CGCM3-CRCM Current Period: Jan 1, 1968 to Nov 21 , 2000 
CGCM3-CRCM Future Period: jan 1, 2038 to Nov 23, 2070 

NCEP-CRCM Current Period: Jan 1, 1979 to Nov 30, 2003 
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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 River (030E003): Jan 1, 1979 to Dec 31 , 2008 
Churchill River above Upper Muskrat Falls (030E001): Jul7, 1948 to Dec 31 , 2008 

Churchill River at Churchill Falls Powerhouse (030D005): Jan 1, 1972 to Dec 31 , 2008 

TERRAIN/ MAPPING DATA 

Basemapping 
National Topographical Database (www.geogratis.ca) 

Digital Elevation Data 
Shuttle Radar Topographical Mission 3 arc sec 

USGS National Map Seamless Server (http://seamless.usgs.gov/index.php) 
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Summary of Research Steps 
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ArcGIS Mappong 

Ust of Acronvms; 
AHCCO • Adjusted Historical Canadian Climate Data 
CGCM3 • Canadian Global Climate Model 3 
CRCM • Canadian Reglonel Climate Model 
OEM • D!gKal Elevation Model 
NCEP = Netlonal Centre for Environmental Prediction 
NTDB • National Topog1'11phleal Data Base 

Flow Chart of Steps Completed during Research 

Hydrological Modeling 

DevelopiiOIIIIof-- (.wM) lllebued onOEMIIU 
Coml*toon of NTD8 HMnlapplng lllftll EIISI~ ctwonoll 

c:a...ctlonofEII~---OIIId.-ddniUon 
Deveiapnenl ofWIIIlaoci .IIIIP Ill fnoon- ... Addlllonof ___ IOWalllood rupllle 

Cloeck Clrllnage- ond 'fraclton" of MCio cell in Watllood .map ftie 
COIIY«<IonofWATFlOOO . tllaiDWATFLOOO IIICI.r2cllle .exe 

(....-nl, .,...,_, __ ·_· _ 

dlplelion,IICIInl~--) 
tlllaiO - T.exe 'NP.a .. MOIST.exe SNW.-

WATFLOOD Slmulatlons 

SlmuleiiOn of un.con.aaol Cumlnl and F-P-CGCM3-CRCM dati 
Slm-of BiM-Corredecl cun.nt and,_- NCEP-CRCU datil 
- ol ~ CUIIwntlnd FUIIn- NCEP-CACM data 
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Appendix C 

Monthly Temperature at Goose Bay 
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Appendix C - Monthly Temperature at Goose Bay (degrees C) 

COCM3..CRCM Current Period THnDt raotu,. Uncorrected) 
1961 1H9 1970 1171 1172 1173 1174 1171 117& 1977 1971 1171 1110 1111 1112 1113 1110 1115 1181 1117 1111 1111 1190 1991 1992 1993 1H4 1H5 11M 1H7 1911 1999 2000 aYQ 

Jan -18.8 -27.0 -28.3 ·22.2 -111.7 -22.6 -26.2 -23.2 -20.3 -27.7 -2~2 -tU -28.0 -11.2 -11.~ -28.~ - 19.9 -22.3 -23.3 -22.3 -2~2 -22.4 -25.~ -23.1 -27.3 -23.4 -20,1 -24.7 ~24.8 -20.0 -20.9 -2M -1M -23.1 
Fob -23.7 -21.7 -2~.1 -26 .• -22.4 -24.3 -16.9 -23.~ -1SI.9 -28.3 -17.1 -22.1 -27.3 -20.3 -11.7 -24.9 -24.1 -11.3 -21.0 -22.1 -2B ·lSI ... -244 -20.1 -23.~ -28.9 -11.1 -23.3 -202 -22.7 -22.~ -24.1 -19.2 -22.4 
Mar -17.1 -12.~ -18.8 -15.5 -14.5 -1.&.8 -13.5 -11.7 -11.9 -18.0 -U - t 1.5 -13.3 -15.0 -12.1 -11 .1 -12.1 -9.2 -11.1 -14 .~ -13.~ -13.5 -11.5 -10.1 -16.1 -11.9 -6.~ -13.1 -13.7 -17.7 -11.3 -14.1 -12.2 -1U 
A r -7.6 -3.2 -7.2 -6.7 -6.3 -8.7 -8.3 -8.~ -9.7 -8.9 -6.1 -7.4 -7.4 -6.1 -5.4 -4.9 -8.1 -11.3 -2 .5 -4.7 -4.1 -8.7 -7.6 -8.~ -1.7 -5.3 -6.1 -5.6 -5.0 -3.4 -9.5 -8.1 -4.0 -8.7 
Ma 2.3 2.8 0.4 2.6 -1 .2 2 .7 1.1 2 .1 -1.1 1.4 0.1 3.0 .().7 0.7 1.0 .(),2 1.1 -1.9 .().5 0.7 0.1 1.2 1.3 4 .5 1.1 .(J.I 1.1 0.3 .().2 1.8 0.1 2.7 1.4 1.0 
Jun 7.2 1.1 1 .3 5.5 5.5 4.2 5.3 7.1 7.4 5.1 !.4 6 .7 6.3 3.7 5. 17 5.2 4.1 u 5.0 u 5.1 5.1 5 .0 e.e 4.7 ~.2 7.4 7.1 7.7 3.9 7.1 ~.1 u 
Jut 9.0 7.4 92 102 1.6 1.0 10.3 10.7 7.2 1.9 9.7 8.6 10.2 6.1 1.1 9.3 1.4 7.1 10.4 6.1 10.3 1.6 9.1 7.4 10.1 7.3 10.5 1.5 1.4 12.4 1.3 9.5 10.7 1.1 
Aua 8.5 1.3 9.4 7.1 6.2 7.7 7.0 6.1 7.4 1.0 1.2 7.2 7.6 6.1 6 .3 6 .9 9.3 5.6 1.0 7.3 7.4 8.4 7.1 1.1 1.1 82 7.1 7,4 9.2 6 .4 7.6 9.2 6.1 7.1 
s. 0.1 4.7 3.3 2.3 4.5 3.1 3.7 5.4 1.1 4.1 4.5 3.3 1.5 5.0 u 2.9 3.7 2.1 3.1 5.0 3.1 7.3 ~-· 3.~ 3.2 4.0 3.1 u 5.1 u u 4.1 2.~ 3.9 
Oct -5.4 0.3 -2.7 -2.5 .()2 -3.0 -2.3 -2.1 -32 -2.~ -5.3 -1.5 .().6 -1.1 1.1 .(),3 -4.7 .(J.I .().4 -2.3 0.5 .(J.I -1.~ 0.1 -1 .9 -2.9 .(J.I 0.1 .().2 -1.3 .(J.I -1.1 -2.5 -1.1 
Nov -10.7 -10.4 -9.1 -12.1 -10.0 -11 .4 -8.5 -8.4 -to.e -1.0 -7.0 -1.7 -10.5 -14.7 -7.5 -5.9 -10.7 -8.7 -8.4 -12 -10.3 -11 .2 -7.1 -10.0 -8.5 -8.1 -10.1 -11 .5 -5.2 -7.9 -11 .0 -9.1 -1.0 -1.2 
Dee -2o.6 -12.9 -17.4 -17.4 -20.1 -21 .5 -13.7 -15.8 -12.3 -20.1 -17.9 -11.3 -10.5 -15.6 -13.1 -12.0 -19.1 -18.2 -12.5 -1.1 -11.3 -15.7 -11.1 -21 .1 -13.7 -18.5 -12.9 -9.5 -13.7 -13.1 -10.3 -11.4 -15.7 

AnnUli Aver.ge -5.3 

CGCM3-CRCM Current Period T.mDII ratu,. Bias-Correc:md 
1961 1H9 1170 1171 1172 1173 1174 1175 117& 1977 1171 1171 1110 1111 1112 1113 1184 1115 1tll 1117 1111 1111 1190 1991 1992 1H3 1994 '"' 11M 1H7 1HI 1999 2000 ava 

Jan -13.1 -21.3 -20.7 -17.1 -14.8 -17.5 -20.1 -11.0 -15.3 -22.1 -1!1.7 -1U -22.1 -13.5 -1US -20.9 -14.9 -17.2 -11.0 -17.1 -116 -17.3 -22.~ -11.2 -21 .7 -11.2 -1se -11.3 -19.3 -15.1 -1~.1 -1 9 .~ -10.5 -17.8 
Feb -17.7 -22.3 -19.0 -202 -16.5 -11.3 -11 .5 -17.5 -14.3 -20.1 -12.4 -18.8 -21.0 -14.8 - 11 .4 -11.1 - 18.1 -1 1.0 -1~.3 -17.0 -15.7 -13.1 - 18.4 -15.1 -17.1 -20.5 - 13.1 -17.3 -14.8 -18.8 -18.7 -11.1 -13.8 -11.5 
Mar -11 .7 -7.3 -11 .3 -102 -1.2 -9.6 -8.3 -11.4 -1 1.5 -12.5 -3.9 -6.4 -8.1 -1.7 -7.6 -6.1 -7.6 -4.2 -11 .4 -9.2 -8.3 -8.3 -13.1 -5.1 -10,1 -8.1 -1.7 -8.7 -8.4 -12.3 -11 .0 -1.9 -7.1 -8.7 
Apr -2.9 1.4 -2.3 -1.1 -3.4 -3.1 -1.5 -3.6 -4.1 -2.0 -3.7 -2.8 -2.6 -2.1 .(),7 .()2 -1.3 -82 2.1 0.0 .().1 -1.1 -2.1 -3.1 -3.1 .().5 -1.3 .(J,I .().3 1.3 -4.5 -1.1 0.7 -u 
May 8.9 7.3 4.7 7.0 3.3 7.1 ~.5 1 .9 2.9 ~.9 4.7 7.5 3.7 ~-1 5.5 4.3 5I 2.1 4.0 5.0 5.3 5.5 5.8 9.1 1 .1 3.1 5.1 5.0 4.3 6.1 5.1 7.3 5.1 5.5 
Jun 12.1 11.4 11.1 10.7 10.6 1.0 10.4 13.7 13.1 11.0 11 .1 12.1 11 .7 1.5 10.3 12.3 10.3 9.9 11.3 10.1 9.1 10.1 10.1 10. 12.0 u 10.4 13.1 12.1 13.5 1.1 13.1 11.0 11.2 
Jut 15.& 13.8 115.0 17.4 15.3 15.1 17.5 11.0 13.1 15.8 18.8 15.4 17.5 12.9 11.8 18.3 15.1 14.0 17.6 12.7 17.5 15.3 11.9 13.8 17.1 13.8 17.1 16.5 16 .3 20.3 14,9 HUS 18.1 11.0 
A 15.5 1~.3 11.~ 14.7 12.1 14.5 13.7 13.2 14.1 14.9 15.1 13.9 14.5 12.7 121 13.1 16.4 12.0 14.1 14.0 14.2 15.3 14.1 14.9 15.0 12.1 14.6 14.2 16.3 13.0 14.4 11.2 13.4 14.4 
s. ~-~ 10.3 u 7.6 10 .3 1.6 9.3 11.1 7.2 1M 10.3 1.7 68 10.7 10.6 1.3 9.3 6 .5 9.1 10,7 1.1 134 10,1 1.9 1.7 9 .1 1.3 10.1 10.1 10.0 10.0 9.1 7.9 1.4 
Oct .(J,t 4.9 2.3 2.5 4 .5 2.0 2.6 2.1 1.9 2.5 0.0 3,4 4.2 3.0 1.1 4.5 0.5 4 .0 4.3 2.6 52 4.1 3,3 4.7 3.0 2.1 4.0 5.4 4.5 3.5 4.1 3.7 2 .5 3.3 
Nov -8.7 -8.4 -4.9 -8.6 -6.0 -7.1. -4.5 ·2.1 -8.4 -3.9 -2 .1 -5.5 -6.5 -10.6 -3.3 -1.8 -8.6 -4.5 -2 .2 -5.1 -6.3 -7.1 -3.1 -~.9 -2.4 -4.0 -6.1 -7.3 -1.0 -3.6 -7.0 -~ .1 -3.9 -5.1 
Dee -16.5 -9.1 - 13.5 -13.6 -16.7 -17.4 -9.1 -11 .9 -8.1 -11.0 -13.1 -15.0 -7.0 -11 .7 -9.5 -1.6 -15.4 -12.3 -9 .0 -6.3 - 14.3 -11 .1 -14.8 -17.1 -10.2 -14.5 -9.3 -6.0 -10.0 -9.5 -8.8 -1 2.5 -11 .1 

CGCM3-CRCM Future Period Temoer.ture Uneorncted 
2031 2031 20.a 2041 2042 2043 2046 2045 2041 2047 2041 2041 2060 2011 2012 20!13 2054 2015 20M 2017 2061 2011 2010 2011 2012 2013 2014 2066 2011 2067 2011 2011 2070 evo 

Jon -11.9 - 7.7 -21.0 -23.3 -212 -1 5.1. -11.6 -18.1 -231 -20.8 -21.1 -20.4 -20.1 -11.1 -17.4 -20.1 -15.1 -23.5 -11.4 -16.7 -18 0 -17.4 -12.1 -2 1.9 -19.2 -22.1 -1U -21.4 -14.1 -7.1 -1 8.4 -202 -17.0 -11.1 
Feb -17.1 -13.5 -21 .4 -18.1 -20.1 -11.7 ·17.3 -21 .4 -202 -20.7 -17.2 -22.4 -21 .1 -18.3 -16.4 -11.4 -17.8 -11.4 -11.0 -21.1 -11.0 -22.4 -19.0 -21.1 -13.1 -23.9 -20.0 -20.4 -14.0 -13.2 -11.5 -17.4 -13.7 -11.4 
Mar -13.2 -13.4 - 11 .4 -16.3 -12.0 -12.1 -13.0 -8.7 -16.7 -12.6 -12.3 -1'.8 -11..0 -13.0 -13.7 -10.4 -12.2 -10.5 -10.4 -14.8 -11 .6 -16.4 -9.1 -8.5 -13.7 -3.2 -9.6 -13.1 -16.6 -7.4 -8.0 -5.8 -8.0 -11 .1 
I AI>< -2 .5 -2.3 .(),7 -72 -9.4 -1.7 -5.7 -M -4.7 0.4 -8.1 -5.3 -2.1 -4,5 -6.8 -5.1 -4.5 -5.9 -7.7 -2.1 -1.5 -5.3 -3.5 -82 -3.6 -2 .2 -6.7 -2.1 -6.3 -3.2 -1.2 -M -2.~ -4.5 
May 1.6 1.9 3.7 1.8 3.1 4.2 0.2 1.7 29 3.~ 0.9 1.3 1.3 30 3.0 4.9 1.7 t.l 1.3 0.1 2.7 5.2 3.0 4.1 2.0 42 2 7 3.9 2 .7 2.3 4.3 72 1.9 2.1 
Jun 6.9 1 .0 6.7 6.3 5.7 1.4 6.6 6 .6 9.3 1.7 1.4 6 .7 6.4 6 .4 7.0 1.3 1.6 u 1.3 1.7 6.6 7.5 9.1 7.7 1.9 1.5 1.0 1.7 1.5 6.9 9.9 7.1 5.9 7.4 
Jut 9.9 9.3 11.1 9.4 11 .0 12.5 10.7 9.1 11.0 13.0 10.5 1.9 102 1.1 10.8 10.1 10.~ 11 .6 10.2 11.4 11.5 11.1 11.2 9.1 9.1 12.3 12.4 11.2 11.1 122 13.9 12.9 12.0 11.0 
A 1.1 10.3 7.4 9.1 1.7 7.6 1.7 0.2 u 10.9 10.5 9.0 1.2 1.4 u 9.0 1.1 10.1 9.0 10.5 11.1 1.2 1.9 102 9.1 9.1 10.2 11.5 9.0 1.1 10.3 12.7 11.1 1.1 
s. 5.5 4.5 1.6 5.0 42 3.2 5.7 4.7 2 .9 5.2 4.4 5.6 5.5 1.1 7.1 6 .0 u u ~.5 7.4 5.1 4.3 5.5 1.2 1.3 1.4 .. 1.7 1 .2 5.3 52 14 7.4 5.7 
Oct t.t 1.9 -1.9 -3.4 - 1.4 .(J.I .().5 2.1 _, 3 .().1 .(J.I .().3 .(J.S -1.5 0.3 2.4 -1.2 3.1 .(),4 1.5 t.t t.t .()2 2.0 0.9 1.5 0.~ 0.3 0.7 .().3 -0.4 .(),6 2.7 0.3 
Nov -~. 1 -9.3 -8.8 -6.5 -102 -10.0 -52 -8.2 -7.1 -4.1 -8.4 -4.1 -6.1 -8.1 -8.1 -8.5 -5.1 -5.1 -8.5 -1.1. -6.4 -1.1 -8.5 -12.0 -4.4 -5.1 -3.1 -4.3 -8.8 -7.7 -8.1 -5.4 -2.3 -8.1 
Dee -8.9 -11.1 -11.3 -16.6 -17.7 -14.1 -12.7 -17.9 -13.0 -16.7 -17.2 -12.5 -13.2 -1U -13.6 -13.0 -15.1 -11 .8 -14.4 -11 .3 -1 6 .1. -11.8 -9.0 -12.9 -13.7 -8.1 -16 .1 -10.3 -13.1 -1 1.1 -12.3 -14. -13.1 

Annual Average --3.0 

COCM3-CRCM Futu,. Period Tema.rature Bitls.Co~ 
2031 2031 20.a 2041 2042 2043 2044 2045 2041 2047 2041 2041 2060 2011 2012 20!13 2054 2055 2061 2017 2061 2011 2010 2011 2012 2013 20M 2011 2011 2017 2011 2011 2070 leva 

Jan -14.0 -13.0 -16.0 ·11.0 -16.2 -11.0 -13.1 -13.9 -11.3 -15.9 -18.1 -15.6 -15.9 -13.5 -1 2.7 -1~.1 -1 0.1 -11.2 -13 7 -122 -11..3 -12.8 -8.0 -11.7 - 14.3 -17.4 - 11.8 -16.3 -10.5 -4.0 -13.1 -15.2 -12.1. -11..0 
Fob -12.4 -8.~ -15.1 -12.7 -15.1 -13.2 -12.0 - 15.7 -14.1 - 1~.1 -11.8 -16.6 -16.0 -12.1 -11.1 -13.0 -1 2.4 -12.9 -10.7 -1 6.1 -1 2.6 -16.5 -13.1 -15.6 -8.7 -17.1 -14.4 -14.1 -1.0 -6.2 -8.7 -1 2.1 -8.6 -12.1 
Mor -8.1 -82 -8.3 -10.8 -6.9 -7.0 -7.9 -t.8 -11 .3 -7.4 -7.3 -1.5 -8.8 -7.1 -8.5 -5.4 -7.0 -~.4 -~.4 -1.1 -6.5 -11 .1 -4.1 -M -8.1 1.4 -4.6 -7.9 -11 2 -2.5 -3.0 -1.0 -1.2 -8.5 
ArK 2.1 2.2 3.7 -2 .3 -4.~ 2.1 -1 .0 .().6 .().1 4.8 -1.9 .(),6 t.7 0.1 -2.0 .().9 0.2 -1.1 -2.1 t.l -3.8 .().8 1.1 - 1.4 0.9 2.4 -1 I 1.7 -t.6 t.4 3.3 .().3 2.1 0.1 
May 1.3 6.3 1.1 6 .4 7.7 1.1 4.1 1.1 75 7.9 ~-4 5.8 ~.7 7.3 7.3 9.4 1.0 6.~ 5.1 52 7.2 II 7.5 6.5 8.3 1.7 72 1.4 7.2 6.7 6.7 11.6 1 .3 7.2 
Jun 12.5 11 .4 12.3 11.6 10.1 14.3 12.1 12.0 15.5 122 11.9 12.3 11.6 11.1 12.7 14.3 12.1 15.1 14.2 14.1 12.1 13.3 11.0 13.5 12.4 14.1 13.1 122 14.5 12.1. 18.3 13.1 11.2 13.1 
Jut 17.1 11.2 19.4 16.4 11.4 20.4 11.1 18.0 11.3 21 .0 17.1 17.0 17.3 15.9 11.1 112 17.1 19.2 17.4 11.9 19.2 19.5 11.7 1H 11.1 20.2 202 11.1 19.6 20.0 22.2 20.9 19.7 11.1 
Auo. 15.6 17.8 142 162 16.8 11..5 15.7 17~ 15.9 18.3 17.1 15.0 16.2 18.6 17.1 11.0 17.0 17.4 15.1 17.1 18.5 16.3 15.9 17.4 18.2 17.0 17.5 19.0 16 .0 15.1 17.7 20.4 11.~ 11.t 

[Sop 11.4 102 12.5 10,1 1.1 1.1 11.6 10.4 1.5 11.1 9.8 1t.4 11.3 12.0 11..0 11.9 12.1 10.8 11.3 13.4 11.1. 10.0 11.3 11 .9 122 12.3 15.7 12.7 12.2 11.1 10 .1 12.5 13.7 11.6 
Oct 5.7 1 .4 2.9 t.7 3.4 42 4.0 7.2 3.8 4.1 3.9 4.5 4.2 3.3 5.0 8.8 3.8 1.1 4.4 5.0 5.1 5.7 4.5 1 .1 5.4 6 .0 5.1 5.0 5.4 4.5 4.4 4.2 7.1 u 
Nov ·1.1 -M -2.8 -22 -6.1 -5.8 -1.0 -2.1 -3.8 .().1 -2 .4 .(J,I -1.1 -2.7 -2.3 -2.5 -1.7 ·1.0 -4.4 -3.3 -2.3 -4.3 -4.3 -7.9 .()2 .(),9 0.1 .()2 -2 .1 -3.8 -4.0 -1 .2 1.1 -2.5 
Dee -5.6 - 14.7 -12.2 -13.0 -13.7 - 11.0 -1.1 -14.0 -9.3 -13.0 -13.2 -8.1 -II -11.1. -U -9.3 -11.9 -8.1 -10.1 -7.1 -1 2 4 -8.3 -5.7 -92 -10.0 -3 1 -13.0 -6.1 -102 -82 -8.1 -101 -10.1 

Annual Av.,-aae 2.3 
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Appendix C -Monthly Temperature at Goose Bay (degrees C) 

Environment Canada Observed Tern ratu,.. 
1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1950 1961 1952 1963 1984 1965 1986 1987 1958 198V 1990 1991 1992 1993 1994 1995 1996 1997 1995 1999 2000 2001 

Jan -16.9 -10.9 -16.2 -14.9 -21 .7 -18.3 -23.1 -22.4 -18.9 -12.9 -17.9 -12.5 -13.4 -15.8 -16.8 -18.4 -23.0 -15.7 -15.7 -17.7 -18.2 -19.0 -19.2 -24.5 -17.0 -18.5 -20.5 -20.0 -17.5 -14.4 -15.9 -16.8 -16 .4 -17.7 
Fob -10.9 -7.7 -14.9 -16.8 -19.6 -17.7 -14.5 -17.7 -18.5 -13.6 -9.0 -15.8 -14.6 -7.2 -20.1 -18.2 -14.8 -14.0 -14.0 -11.0 -18.2 -17.7 -21.4 -18.3 -21.5 -20.5 -19.7 -18.9 -12.3 -19.0 -12.3 -12.7 -14.7 -16.4 
Mar -11 .1 -5.4 ~-3 -5.6 -12.9 -7.7 -12.4 -8 .8 -13.1 -4.1 -13.1 ~.8 -7.4 -3.4 -11.9 -9.7 -9.9 -8.9 -12.4 -7.9 -8.0 -11.3 -11.1 ~.7 -10.0 -13.6 -9.2 -11.3 -7.8 -12.3 -9.4 -3.2 -5.8 -4.8 
A or 0.4 -8.7 -1 .8 0.0 -4.7 -1.1 -4.7 -2.9 -2.4 -0.9 -2.4 0.7 -0.8 -2.2 -3.8 0.9 -3.2 -2.8 1.0 2.6 0.5 -0.1 -2.2 -3.3 -3.8 -1.5 -3.0 -0 .2 2.4 -2.5 -0.3 -0.2 -0.2 -2.1 
May 4.8 4.4 4.5 5.8 1.3 7.3 3.3 4.0 6.1 4.1 4.3 9.4 5.1 8.0 3.8 4.6 5.8 2.7 8.0 6.7 7.3 6 .5 3.3 3.8 3.8 3.8 4 .4 6 .3 4.2 4.3 5.9 9.0 4 .3 8.5 
Jun 10.0 12.0 10.3 10.6 10.4 12.4 12.5 11.0 12.2 12.3 9.1 14.7 9.1 10.0 9.7 11 .9 9.6 11.1 9.4 11 .7 9.1 14.0 10.9 8 .7 10.1 9.6 12.1 11 .2 11.0 11 .0 13.6 14.0 12.2 12.2 
Jul 15.5 15.5 17.1 16.0 16.0 16.5 15.2 18.5 18.1 14.8 15.7 18.0 14.8 15.5 15.9 18.2 18.8 15.5 13.3 16.0 15.8 15.0 14.4 13.5 12.9 13.9 16.5 16.1 13.7 13.6 16.0 18.0 15.8 13.7 
Aug 11 .7 13.6 15.9 14.1 12.5 14.7 13.9 14.0 14.2 13.5 13.5 14.2 14.4 14.3 13.9 14.0 17.0 14.7 15.4 14.0 18.0 12.9 14.7 14.7 13.4 18.0 13.6 15.3 17.2 14.2 15.5 15.6 17.4 16.8 
Sop 11 .7 7.3 8.7 9.8 7.7 9.8 8.9 9.8 7.8 8.7 6.7 8.5 8.4 11 .0 9.1 9.4 8.7 10.0 7.8 10.0 9.3 10.2 8.8 9.4 10.7 9.4 9.8 9.9 9.7 10.8 9.8 12.0 10.4 10.4 
Oct 5.5 0.4 4.8 4.0 0.8 2.9 0.3 2.9 1.5 3.1 1.0 2.1 2.6 3.9 0.9 2.7 2.2 1.9 0.5 4.2 3.4 2.7 2.5 3.6 3.2 1.4 4.8 4.5 2.4 3.4 3.1 1.4 2.2 4.9 
Nov -4.2 -0.2 -3.6 -3.0 -58 -3.4 -3.4 -5.6 -5.1 0.2 -7.2 -3.8 -2.8 -2.1 -4.1 -4.7 -3.2 -4.8 -10.0 -4.1 -2.8 -8.1 -3.8 -3.0 -7.2 ~-2 -1 .9 -3.9 -2.2 -4.1 -3.3 -4.6 -2.6 -2.7 
Ooc -8.3 -7.0 -15 4 -18.7 -213 -7.8 -11.3 -18.0 -1 4.9 -12.2 -12.4 -121 -160 -8.0 -17.3 -15.2 -18.8 -14.0 -14.1 -10.8 -17.7 -13.0 -15.4 -17.8 -14 7 -11.9 -12.8 -1 1.2 -9.0 -10.6 -11 .8 -11.4 -10.0 -7.0 

2002 2003 2004 2005 2006 2007 2008 avg 
Jan -20.3 -14.2 -12.5 -21 .1 -14.4 -13.9 -18.2 -17.4 
Fob -18.8 -17.4 -14.2 -12.1 -15.8 -13.3 -18.8 -15.8 
Mor -10.9 -13.1 -9.2 -7.4 -4.4 -10.0 -12.5 -9.0 
A or -23 -2.8 -0.4 0 .9 2.8 -2.3 1.2 -1 .3 
Moy 4.2 6 .9 4.9 8.5 9.7 4,0 8.8 5.4 
Jun 11 .2 12.9 11 .0 13.1 15.5 13.5 12.0 11 .4 
Jul 18.1 16.0 17.8 17.5 18.9 17.5 18.7 15.8 
Aug 14.2 18.3 16.3 14.5 14.6 14.9 16.2 14.7 
Soo 11 .3 15.0 9.6 11.2 11 .2 9.4 11.1 9.7 
Oct 3.7 5.6 5.4 4.6 4.5 3.8 4.7 3.0 
Nov -5.5 -2.1 -4.3 -1.7 -1 .7 -4.1 -2.2 -3.8 
Ooc -11.9 -8.9 -12.7 -11.5 -10.2 -15.2 -15.6 -12.9 

Annual Average 0.1 

NCEP~RCM Temoerature Uncorrected}_ 
1979 1980 1981 1982 1953 1984 1915 1956 1987 1988 1959 1990 1911 1912 1913 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 avg 

Jan -16.1 -17.8 -19.8 -21.1 -21 .1 -24.4 -22.7 -20.5 -21 .5 -211 -23.8 -21 .6 -26.6 -20.9 -22.2 -28.1 -21.5 -22.1 -19.9 -22.4 -21.8 -22.3 -22.6 -235 -20.9 -21.9 
Fob -18.8 -17.5 -9.7 -24.0 -18.8 -17.8 -17.1 -18.7 -17.8 -20.6 ·22.8 -24.4 -19.2 -24.1 -22.5 -23.2 -23.9 -14.4 -23.6 -16.6 -16.7 -20.2 -20.9 -22.5 -25.3 -20.0 
Mar -9.8 -10.7 -8.0 -15.7 -13.3 -13.0 -12.9 -15.2 -12.3 -9.1 -16.0 -13.7 -9.5 -12.9 -14.5 -13.2 -14.4 -11 .1 -15.8 ·12.2 -6.5 -9.9 -7.7 -13.9 -13.2 -12.2 
Apr -2.5 -5.2 -3.2 -3.11 0.3 -3.3 -5.4 -0.8 0.8 -2 4 -4.0 -3.3 -4.0 -6.5 -2.0 -3.8 -4.2 -1 .1 -3.9 -4.7 -2.1 -3.3 -3.8 -4.7 -5.5 -3.3 
Mav 6.8 3.2 3.2 3.6 4.7 4.6 1.3 5.2 3.5 5.5 6.3 2.0 2.5 2.3 3.8 3.2 3.8 2.6 2.0 4.3 7.4 2.8 6.8 1.5 4.0 3.8 
Jun 11.5 7.1 8.9 9 .3 9.9 9.3 9.8 5.8 7.6 7.7 10.5 7.7 6.7 9.8 6.8 9.9 8.9 7.7 7.5 10 .8 12.0 8.7 8.8 7.5 8.2 8.7 
Jul 14.0 11 .0 12.7 12.0 12.9 13.2 12.7 10.4 11.3 12.8 11.2 11.8 10.8 10.3 11 .4 12.9 12.8 11 .6 11.3 13.2 12.3 12.7 11.3 13.9 12.1 12.1 
A Ill!_ 11.3 12.1 10.8 9.9 10.8 12.9 11 .4 11 .4 9.7 11 .5 10.2 12.8 11 .4 10.5 11.4 11 .4 11.5 12.6 10.4 11.4 12.3 12.2 12.8 11.7 12.2 11.4 
Soo 6.0 4.3 8.7 5.8 5.7 5.3 8.6 4.2 7.3 8 .0 7.8 8.8 5.7 7.8 8.5 7.1 5.0 7.1 7.8 6 .4 10.5 8.7 8.2 7.9 11.2 6.9 
Oct -0.4 -1 .8 0.4 -0.2 0.1 -2.2 -1.1 -20 1.6 1.9 -0.8 0.9 1.8 -1 .4 -22 2 .3 1.4 -1 .5 0.1 0.0 -1.8 -0.1 2.3 -0.7 2.9 0.0 
Nov -7.8 -9.7 -7.8 -9.7 -9.0 -8.1 -10.0 -13.3 -10.0 -7.2 -8.9 -9.2 -8.1 -12.0 ·11.9 -8.5 -7.2 -7.4 -6.4 -8.9 -10.8 -7.8 -7.2 -10.6 -6.6 -9.0 
Ooc ·16 .3 ·21.4 -12.5 -19.1 -18.2 -20.2 -17.8 -19.3 -14.7 -19.8 -18.3 -17.1 -21 .0 -20.3 -15.8 -18.1 -15.7 -12.5 -15.9 -15.5 -18.4 -18.3 -12.4 -15.8 -17.2 

Annual Average ·3.3 

NCEP-CRCM Tomoorotu,. IBin-Corroctod 
1979 1980 1981 1982 1983 1984 1985 1988 1957 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 ova 

Jan -12.6 ·14.0 -15.7 -16.9 -16.9 -19.8 -18.2 -18.4 -17.2 -18 .9 -19.2 -17.3 -21 .8 -18.7 -17.9 ·22.9 -17.3 -17.8 -15.8 -18.1 -17.5 -18.0 -18.2 -18 .9 -18.7 -17.5 
Fob -15 1 ·14.0 -7.0 -19.6 -15.1 -14.2 -13.7 -14 9 -14.1 -186 ·18.6 -200 -15.4 -19.7 -18.3 -18.9 -1 9.5 -11 .1 -19.3 -13.1 -13.3 -18.3 · 16.9 -18.3 -20.8 -16.2 
Mar -7.2 -8.1 -5.6 -12.6 -10.4 -10.1 -10.0 -12.1 -9 .4 -8.5 -12.8 -10.7 -7.0 -10.0 -11.4 -10.3 -11.4 -8.3 -12.7 -9.3 -4.2 -7.3 -5.3 -10 .9 -10.2 -9.4 
AM -0.4 -3.1 -1.2 -1.8 2.2 -1 .3 -3.2 1.3 2.4 -0.4 -1 .9 -1 .2 -1.9 -4.3 0.0 ·1 .7 -2.0 0.9 -1.8 -2.6 -0.1 -1 .3 -1.5 -2.6 -3.3 -1.2 
May 8.7 5.1 5.2 5.5 6.8 6.6 3.2 7.2 5.4 7.5 8.4 3.9 4.4 4.3 5.8 5.2 5.5 4.5 3.9 6 .2 9.4 4.8 8.8 3.5 6.0 5.8 
Jun 14,4 9.3 11 .4 11.9 12.7 11.9 12.5 8.0 9.9 10.2 13.3 10.1 9.0 12.2 9.1 12.7 11.5 10.1 9.8 13.7 15.1 11.3 11.3 10.0 10.7 11 .3 
Jul 17.6 14.2 16.1 15.3 16.4 16.7 16.1 13.5 14.5 18.0 14.5 15.0 13.7 13.3 14.6 16.3 16.1 14.9 148 16.8 15.7 16 .2 14.5 17.5 15.4 15.4 
Au a 14.9 15.8 14.3 13.4 14.2 16.6 15.1 15.1 13.2 15.2 13.8 16.3 15.0 14.0 15.1 15.0 15.1 16.4 14.0 15.0 160 15.9 16.4 15.4 15.9 15.1 
Soj> 93 7.7 12.1 9.1 9.0 8.7 9.9 7.5 10.6 9.4 11.2 10.2 9.0 11.2 9.9 10.5 8.4 10.5 11 .2 9.7 14.0 10.1 11.6 11.3 14.8 10.3 
Oct 3.2 1.9 3.9 3.3 3.8 1.6 2.8 1.8 4.9 5.1 2 .8 4.3 5.1 2.3 1.5 5.5 4.8 2.2 3.7 3.5 2.0 3.5 5.5 2 .9 8 .0 3.5 
Nov -3.6 ·5.2 -3.3 -5.3 -4.6 -3.7 -5.6 -8.3 -5.4 -30 -4.6 -4.7 -3.8 -7.1 -7.0 -4.3 -3.1 -3.2 -2.3 -44 -6.1 -3.8 -3.1 -5.9 -2.4 -4.5 
Ooc ·11.8 -16 .5 -8.3 -14.4 -13.6 -15.3 -13.2 -148 -10.3 -15.0 -13.5 -12.5 -16 .1 -15.4 -11 .3 -13.4 -11.3 -8.3 ·11 .4 -11.0 -13.7 -11 .8 -8.2 -11.4 -12.6 

Annual Average 0.1 
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Appendix D 

Monthly Precipitation at Goose Bay 
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Appendix D - Monthly Precipitation at Goose Bay (mm) 

COCM3-CRCM Current Period Pr.ci lotion' U~l 
1HI 1111 1170 1171 1172 1173 1174 1875 1111 1tn 1171 1171 1110 1111 1112 1113 1114 1815 1951 1117 1111 1111 1110 1911 1912 1113 1914 1111 11H 1117 1191 1991 2000 avo 

Jan IB 30.3 31.1 32.1 31.1 32.6 44 2 34.1 45.11 ~.5 47.9 58.6 17.SI 44.7 111.3 ~-0 59.2 45.4 72.0 51.1 50.1 32.11 61.5 12.1 31.4 344 55.1 17.2 21.5 52.1 52.9 19.5 1 06.~ U .3 
Fob 33.5 9.2 49.1 13.3 63.1 61 .5 56.5 59.9 51.5 132 31 .3 27.8 11 .5 20.1 54.1 31.3 51 .1 27.3 33.1 411.11 16.6 70.7 11.1 42.2 4U 33.4 31.5 44.11 63.2 49,1 33.3 29.9 41.1 31.1 
Mar 71 .5 30.0 37.0 34.6 42.0 43.7 51.1 14.5 51.7 41.4 32.2 58.4 36.2 31.5 17.6 39.4 37.1 10.1 35.0 3U 35.0 41.0 28.3 70.2 41.1 12 9 32.7 55.0 311.5 20.2 44.0 37.9 66.1 44.1 
A r 74.3 49.2 29.1 69.2 25.11 58.1 50.8 107.0 55.8 73.0 48,4 32.8 47.8 51.8 47.0 44.1 71.3 55.7 ~.9 42.0 108.0 41.11 25.0 69.1 46. 1 30,5 8 1.0 41.6 60.5 17.4 29.4 58.0 49.1 52.5 
May 84.4 41.3 11.9 54.2 63.0 55.4 21 .1 31.0 49.1 au 49.1 64.1 106.1 75.1 65.1 12.0 17.1 15.9 71.1 77.11 47.6 17.1 43.1 51.0 70.2 53.2 76.1 74.6 22.4 50,6 78.1 30.4 n.s 84.0 
Jun 117.4 31.5 101.9 84.0 112.4 159.1 58.3 19.1 13.1 57.0 84.2 81 .3 74.0 54.5 156.7 44,7 81.3 53.1 90.2 66.1 72.1 11.3 60.S 4 1.1 77.1 100.2 102.0 113.1 67.2 54.9 79.1 89,2 15.7 77.2 
Ju1 95.1 72.1 24.8 18.5 64.5 102.1 72.1 148.8 11.4 132.2 17.3 122.0 95.8 76.4 7B 157.8 39.1 124.8 92.7 130.4 66.5 au 61.8 100.3 78.2 124.8 158.3 15.4 78.3 127.3 137.4 225.9 125.9 101.0 
Aua 58.1 70.5 52.1 123.0 !18.6 10.1 126.5 1~.9 82.1 122.9 11 1.4 73.11 108.4 111.6 113.5 15.1 123.6 38.1 254.1 120.11 110.6 53.1 62.1 128.9 93.6 102.9 114.5 113.4 149.4 113.2 102.9 125.5 71.5 103.1 
Sao 87.8 78,4 121.3 131.7 42.2 115.1 711.0 53.1 10.8 87.2 59.1 t:W.I 114.5 67.1 60.11 120.1 11.1 59.1 120.1 83.3 113.4 211.11 19.1 74.8 72.8 47.1 132.5 12.8 121.3 103.3 48.3 au 83.2 13.7 
Oc1 54.8 43.7 123.1 64.7 111.2 26.3 15.0 811 41.9 12.1 81.0 86,4 42.1 1111.7 60.3 119.4 35.1 84.9 98.11 72.7 56.6 107.3 44.3 111.9 58.2 99.1 95.3 125.5 45.2 117.1 92.4 21.9 113.3 n .t 
Nov 71.1 IOU 15.3 45.5 71 .7 90.3 55.3 46.3 57.8 61.2 54.2 35.7 41.6 37.1 73.4 82.5 10.9 112.1 106.8 21 .7 10.7 41 .7 53.2 81.7 98.0 109.6 77.8 87,3 41.2 71.4 81.8 105.2 52.8 11.4 
Doc 511 88.4 48.4 10.7 31.1 15.7 65.3 19.0 11.4 57.1 41.2 62.1 70.2 101.1 113.6 74.4 44.2 12.8 40.2 101.7 107.7 66.0 32.8 75.8 119.6 50.9 113.4 70.6 44.3 65.4 123.5 74.5 71 .0 

A.nnulll Average 130.8 

COCM3-CRCM Current Perk:M:I Precl btion Bias-Co,....;t.d , ... 1H9 1170 1171 1172 1173 1174 1171 1171 11n 1!71 1171 1110 1111 1182 1113 1114 1115 1H8 1187 1t81 1181 litO 1H1 1912 1113 1914 1915 IIH 1117 IHI '"' 2000 avo 
Jan 153,1 58.7 83.9 60.4 611.2 11.3 83.3 83.1 11 .4 48.8 18.2 105.11 34.6 13.1 1~.2 41,7 110.S 10,5 134.3 117.2 113.1 61 .6 11 1.1 153.4 72.4 84.1 102.7 153.1 54.4 95.1 99.0 35.7 195.0 U .2 
Fob 87.0 19.4 99.4 27.5 124.7 121.2 113.2 117.9 102.11 27.3 83.3 57.0 23.11 42.9 107.1 78.1 103.1 55.8 17.3 1111.2 34.0 141 .4 23.3 85.7 97.1 87.3 71.2 111.5 125.11 11.8 17.2 11.3 13,5 n .1 
Mar 131.0 61.1 71.7 70.0 15.0 87.3 170.11 29.7 1012 91.0 84.0 111.7 71 .1 64.2 35.9 78.3 74.9 158.4 19.4 77.2 72.4 80.7 52.4 140.2 62.1 111.2 65.7 110.2 78.6 40.4 17.7 n .6 116.6 ll.t 
~ 119.2 73.1 44.7 108.8 37.8 85.11 12.4 115.2 92.1 118.3 71.0 48.11 73,4 10.6 74,4 73,1 1115.3 18.1 44.2 83.1 175.11 77.0 31.8 103.3 72.4 45,1 121.2 11.2 80.8 25.3 45,0 92.9 73.8 au 
May 121.8 53.5 104.2 18.5 82.4 70.6 28.1 41.0 12.1 11.1 131 12.2 140.11 100.2 84.2 106.1 112.4 110.5 100.3 1111.6 11.6 112.1 55.8 74,7 92.0 11.7 97.11 14.6 27.11 64,1 97.9 39.0 91.8 82.1 
Jun 14UI 41.2 132.8 103.6 115.11 205.1 87.3 112.4 75,9 17.2 100,8 73.8 80.2 64.0 10.6 51 .8 !18.9 84.1 114.2 11.2 80.11 118.1 75.0 46~ Si14.1 127,8 131.5 137.8 75.7 84.5 98.3 108.15 77,1 14.5 
Ju1 110.8 83.2 24.8 101.7 71.3 118.7 711.8 186.1 75.7 161.5 !18.5 142.11 110.11 83.1 86.5 198.9 39.6 145.8 105.3 162.7 117.5 78.8 74.0 115.7 87.2 152.0 190.3 115.7 91.1 148.1 168.9 294.3 145.5 118 .9 
Aua ,.,2 75.7 52.1 139.2 106.9 85.1 147,0 14D.I 91.2 139.3 122.8 80.3 124.5 122.4 128.5 95.0 151.1 37.4 314.5 136.0 122.0 58.11 65.5 149.7 102.4 111.8 125.4 101.7 173.5 131.2 118.8 142.5 75.9 118.0 
Sao 78.4 17.8 142.4 15Sil. t 47.3 135.9 80.0 59.0 87.3 100.0 11,3 151.6 133.4 78.2 18.1 141 .9 92.9 87.3 141 .8 84.3 133.1 31.5 711.7 84.1 13.4 51.1 155.9 14.7 148.1 122.1 53.8 75.8 19.5 H.8 
Oc1 85.4 51.4 156.7 81 .4 127.0 30.2 107.3 107.3 57.7 100.3 99.0 106.7 50.5 125.5 74.3 150.7 40.3 79.3 118.5 88.4 157.9 132.3 53.3 t4Sii.O 159.1 123.2 117.1 155.4 53.3 147.8 114.0 24.9 139.7 95.t 
Nov 98.7 133.0 105.8 55.4 88.11 113.5 87.0 54.9 73.2 78.3 85.2 42.6 58.4 44.5 14.0 104.8 74.5 141.& 135.3 24.4 100.9 411.1 64.9 75.1 111.1 131.8 97.3 8 1.8 49.7 17.1 85.2 139.1 83.5 84.5 
Doc 88.1 131 .8 71.5 122.8 54.2 22.1 !18.5 137.4 101.0 84.9 72.0 93,.( 106.7 157.0 1441 111 .4 83.3 125.5 58.8 151.8 185.4 101.1 46.8 113.5 184.9 75.7 170.Sil 103.6 65.7 100,11 187.9 112.6 107.0 

Annual Aver~~Qe 1133.7 

CGCM3-<:RCM Futu,. P arlod Preclolt.tlon(U~l 
2031 203t 2040 2041 2042 2043 204-t 2045 2041 2047 20U 2041 2050 2011 2062 2063 2054 2055 2051 2017 2051 2051 2080 2081 2082 2083 2084 2081 2088 2087 2088 2081 2010 avo 

Jan 45.1 65.1 45.9 33.3 33.0 84.0 61 .7 39.4 28.3 93.9 33.2 61.0 33.2 45.5 32.7 23.8 59.8 21.1 21.5 55.8 110 4 77.2 88.8 87.3 77.1 32 .8 7 1.1 55.11 100.1 50.0 10.0 40.3 30.9 55.0 
Fob 84.8 60.1 43.3 84.2 41.1 46.7 30.4 45.8 ~-· 68.3 52.8 37.7 24.5 30.3 27 ... 31.3 83.3 22.7 1 0.0 61 .0 63.4 311.2 17.8 39.2 44.8 25.3 47.8 58.6 60.0 70.3 113.5 43.4 59.8 10.2 
Mar 52.2 43.4 54.3 75.1 55.11 31 .5 77.4 88.8 15.0 25.9 81 .0 15.0 85.3 18.5 42.0 55.3 79.7 58.8 58.1 611.4 44.1 17.3 65.1 70.S 91 .5 110.8 65.0 71.11 46.11 31.5 •t.a 54.7 70.9 10.4 
Ap<_ 31.0 12.7 23.4 46.4 76 2 25.2 34.1 70.8 117.7 54.8 10.2 11 1.6 81.1 7.4 311.0 41.9 153.4 33.1 70.3 74.3 106.5 77.1 55.8 58.7 152.4 44.5 434 35.0 581 13.7 82.9 48.3 98.4 11.8 
May 91,11 82.3 99.8 711.4 95.7 58.11 82.8 101.9 108.3 50.0 91 .8 42.4 48.8 38.0 73.6 17.1 74.1 417 29.8 31.2 21.1 84.4 51.1 51.2 17.2 51 .7 7112 77.5 46.4 57.1 105.3 57.8 105.11 58.1 
J ... 93.0 89.9 49.5 78.7 115.7 111 .7 82.4 124.4 18.9 190.7 97.1 65.11 58.1 14.5 74.5 48.2 89.7 11,1 102.7 115.4 61 .0 115.1 76.8 91.5 133.2 122.1 73.2 71 .7 115.0 105.4 11.5 111.3 88.9 to.& 
Jul 75.0 84.3 1111.8 90.11 73.1 93.11 84.6 150.3 94.1 94.9 73.1 68.1 611.1 17.4 152.0 149.2 55.0 149.4 11.3 45,6 88.8 88.0 104.2 120.0 !18.5 92.9 114.1 108.7 100.3 1118.11 174.5 137.7 133.8 103.9 
Aua 107.2 102.9 91.2 101 .8 73,4 118.0 175.3 91 .8 23.7 105.1 97.1 14Sil.5 104.2 107.5 81 .5 79.1 117.3 154.1 81.0 152.1 141.2 1311.1 104.3 88.1 11D.I 49.4 92.4 101.1 11 1.1 120,4 140,9 93.0 84.4 107.3 
So 80.5 115.0 92.8 94.2 88.11 101.2 1111.1 87.8 131.8 112.7 83.7 82.3 117.0 51.2 57.2 132.5 129.0 71 .3 12.0 Sil7 ... 153.8 63.2 88.0 134.0 118.2 148.8 73.0 74.5 141 ,0 91 .1 117,8 118.1 89.0 100.9 
Oc1 94.2 11.1 83.3 15.1 54.2 97.8 811.1 45.0 88.7 48.9 61 .8 77.2 71 .4 93.2 81 .2 100.8 118.2 91.7 55.2 13.1 152.4 108.5 103.2 110.1 73.0 13.8 35.7 34.7 64.11 511.2 98.8 83.2 47.5 78.5 
Nov 45.7 85.2 70.3 103.1 43.7 55.4 1111.2 89.2 48.3 19.1 58.0 55.1 73.11 70.1 135.4 99.2 112.4 711.2 87.11 78.5 113.5 56.4 44.1 13.3 67.8 123.2 64.5 111.8 511.0 69.5 84.9 82.7 31.2 75.3 
Doc 71 .9 52.8 48.7 33.0 48.7 23.5 74.11 85.1 70.3 294 56.8 411.3 11.6 53.0 667 42.3 84.7 73.1 411.7 105.5 73.3 70.11 51.0 54.8 72.7 88.-4 65.8 Sil1.4 60.0 511.6 16.4 59.6 au 

Annu.l Average t13.8 

CGCM3-<:RCM Futu,. Period P""'lol atlon IBias-CorToc:lod 
2031 2031 2040 2041 2042 2043 204-t 2041 20U 2047 2048 2041 2050 2081 2052 2053 2054 2055 2051 2017 2051 2011 2080 2081 2082 2083 20U -· 2088 2087 2088 2081 2070 avo 

Jan 88.3 120.0 85.9 61.1 511.5 158.3 1131 71 .8 47.5 171.2 81.2 124.2 11.1 83.0 62.2 440 111.1 41.3 31.11 102.11 1117.1 140.8 161.0 124.7 142,4 10.8 131 .0 98.7 178.5 151.2 107.8 72.2 59.5 100.8 
Fob 129.4 121.3 85.7 164.1 83.2 112.5 62.4 91 .7 53.1 134.5 104.8 75.4 49.1 60.2 55.6 83.8 125.7 46,7 215.6 122.0 124.1 78.5 31.5 79.4 19.0 51.2 95.6 114.7 11 1.11 135.9 222.1 88.1 120.1 91.7 
Mar 103.2 82.9 IOU 142.4 1011.3 82.3 152.5 111.2 115.8 53.7 121 .4 31.1 164.3 31.0 84.7 110.9 158.3 110.1 117.1 137.11 au 1112 132.4 140.3 179.8 11.8 121.1 151.7 14.2 74.4 12.11 103.0 1Je.4 111.8 

""' 5e,1 9U 35.2 71 .5 123.8 37.4 52.0 108.1 190,5 83.1 113,7 170.1 1127 11.5 13 2 88.3 254.2 411.8 105.0 115.1 182.5 128.3 111.4 113.2 93.5 70,1 85.8 52.0 87.7 133.5 102.8 81.8 150.0 H .1 
May 111.5 105.1 128.4 103.4 123.8 73.11 105.5 131.1 139.5 12.8 118.8 53.8 au 44.-4 113.0 88.2 95.3 51.8 37.3 31.11 28,4 108.4 65.3 85.4 113.2 65.11 101.4 100.8 10.2 72.11 134.7 73.8 131.7 17.1 
Jun 114.7 110.1 57.5 117.3 145.i 110.6 98.11 153.1 11.9 241.7 123.0 77.8 611.8 113.8 17.1 58.1 83.7 107.5 127.0 117.1 71 .5 146.3 93.0 111 .1 167.5 150.0 87.4 87.7 116.7 129.1 71.9 137.9 106.0 110.9 
Jul 88.0 97.7 14e.1 104.2 79.11 107.8 118.4 187,7 111.3 111.1 80.5 73.7 78.0 IOU 1111.8 115.11 57.3 177.4 65.8 411.1 117.7 115.2 119.8 142.1 111.7 108.5 134.11 127.7 114.2 254.8 211.1 116.3 184.2 122.7 

117.5 113.3 100.1 113.5 71.1 130.1 21 1.2 100.8 142.4 120.2 108.11 178.0 113.8 117.7 15.1 12.11 29.5 112.-4 98.4 178.8 172.0 1511.1 116 5 89.1 128.8 51.3 99.5 112.0 125 0 131.8 164.0 1111.0 87.8 120.7 -- 91.7 135.2 106.7 110.11 77.3 118.2 144.7 99.8 153.3 133.0 71.8 84.7 112.8 88.2 83.1 155.7 150.4 78.4 197 1124 110.11 70.1 100.5 158.4 142.3 117.8 84.8 84.1 167.5 107.1 233.4 1 3~.8 102.0 111.2 
Oc1 11$.8 108.9 104.2 107.5 64.3 124.7 85.1 53.8 108.5 58.9 74,$ 83.8 17.5 113.7 87.4 1~1 14&.6 115.8 65.11 76.2 114.8 133.8 126.2 137.3 19.2 91 .3 41.2 40.1 78.1 74.1 118.9 75.1 55.8 tU - 55,1 87.8 18.0 121.3 53.2 87.1 127.8 85,3 59.0 111 .8 16.5 611.4 14.5 17.4 1711.5 123.1 242.1 98.1 111.1 117,0 120.7 8811 54.2 77.2 85.2 1&4.1 78.7 88.1 71.8 85.1 78.8 78.5 44.8 M .7 
Doc 109.5 78.2 111.8 48.2 73.11 36.2 114.0 984 104.7 43.11 84.11 71.11 14.6 78.8 117,6 81.8 129.3 108.7 75.1 18 1.0 110.1 106.11 77.0 50.8 11D.8 121.9 105,0 140.7 8118 17.0 100.5 87.0 92.7 
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Appendix E 

RCM Data 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 . Here an example control file 
for prNOW : 

DSET ~pr_CRCM_cgcm3_%ch010103 . nc 

CHSUB 1 8760 1968 
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 template 365_day_calendar 
UNDEF l . e+20 FillValue 
XDEF 140 linear 1 1 
YDEF 115 linear 1 1 
ZDEF 1 linear 1 1 
TDEF 96112 linear 03z0ljanl968 180mn 

VARS 3 
lon=>lonl 
lat=>lat1 
pr=>prl 

ENDVARS 

0 y , x longitude 
0 y , x latitude 

0 t , y , x Precipitation 

!these CHSUB lines open a new 

2) Here ' s a GRADS script that extracts netCDF data from the file and 
created a raw binary file (taFUT example): 

" reinit " 
" open taFUT . ctl " 
" set t 1 last " 

!alter this line for pr ta NOW FUT NCP combination 

" set gxout fwrite " 
" set fwrite -le -st 
NCP combination 
#Goose Bay(117 , 87) 
" set x 117 " 
" set y 87 " 

-cl ta . FUT " !alter this line for pr ta NOW FUT 

" d tas1 " 
#Pinus (116 , 86) 

!alter these tas1 lines to pr1 lines for pr files 

" set x 116" 
" set y 86 " 
" d tas1 " 
#Churchill Falls(113 , 85) 
"set x 113" 
"set y 85 " 
" d tas1 " 
"disable fwrite " 

3) GRADS won ' t easily output ascii data so I wrote a short piece of 
fortran code that reads the GRADS binary file and writes the ascii 
files you have (taFUT example here) : 
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PROGRAM bin2ascii 

IMPLICIT NONE 
INTEGER, PARAMETER isize=96112, jsize=3 
!uncomment this line for FUT NOW 
c INTEGER, PARAMETER 
this line for NCP 
CHARACTER (LEN=2 ) var 
CHARACTER (LEN=3) time 
FUT NCP 
REAL , DIMENSION(isize , jsize) 
INTEGER 

OPEN(10 , File=var / / '. ' //time , 

binData 
i , j 

isize=72800 , jsize=3 !uncomment 

' ta ' !alter this line for pr ta 
'FUT ' !alter this line for NOW 

1 Form= ' BINARY ', Access= ' SEQUENTIAL ' ) 
READ (10) binData 

OPEN(11 , Fi1e=var//time// ' . txt ', 
1 Form= ' FORMATTED ', Access= ' SEQUENTIAL ' ) 
WRITE(11 ,' (3(a15)) ' ) ' Goose Bay ', ' Pinus ', ' Churchill Falls' 
WRITE (ll ,' (3(e15 . 6 ) ' ) ((binData(i , j) , j=1 , jsize) , i=1 , isize) 

STOP 
END PROGRAM bin2ascii 
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Appendix F 

Monthly Pinus River Flow 
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Appendix F -Monthly Pinus River Flow (m3/s) 

Simulated Flows- CGCM3.CRCM Cu....,. Period (Uncorroc1ed RCM Input 

1H8 1Ht 1170 1171 1172 1173 1174 1975 1171 1977 1178 1171 1810 1811 1182 1183 1184 1985 1181 1817 1188 1181 1190 11t1 1912 1H3 1114 1HI 1HI 1H7 1918 1919 2000 evg 
Jon 3.7 3.9 1.9 3.8 42 42 3.3 3.8 4.8 2.9 4.4 5.1 3.6 6.0 3.3 3.1 14.1 3.3 3.1 7.2 4.1 5.4 3.8 2.8 4.3 4.7 5.3 5.0 4 .0 ... 7.8 u 3.3 4.5 
Feb 2.8 3.0 1.8 3.0 3.3 3.3 3.1 3.5 3.5 22 3.4 3.6 2.8 3.8 2.8 2.5 5.3 2.8 3.0 8.3 32 4.0 2.8 2.1 3.4 3.6 .. 3.8 3.2 3.4 5.1 34 2.7 3.3 
Mar 2.3 2.8 1.4 2.5 2 .7 2 .7 2.6 2.8 2.8 1.8 2.7 2.6 3.1 3.0 2.2 2 .1 4.0 22 2.5 4.0 2.6 32 2.3 1.8 2.7 2.8 8.3 3.0 2.6 2.7 3.9 2.8 2.2 2.9 
A 2.7 7.5 1.2 2.0 2.2 2.2 1.8 2.1 2.3 1.8 2.3 2.2 3.4 2.5 1.8 1.8 3.1 1.8 2.8 4.8 15.6 2.6 3.1 1.5 2.3 2.4 3.5 2.4 2.2 2.5 4.0 3.9 1.9 3.0 
M~y_ 20.5 23.7 4.1 21 .2 2.0 32.8 7,3 18.7 4.7 9.0 4.8 31.6 12.1 11 .5 4.1 2.5 21 .0 1.9 11 .8 18.3 6.5 16.6 10.4 37.8 19.8 3.8 27.8 5.6 3.4 18.3 19.4 9.5 4.3 13.8 
Jun 39.8 8.5 114.7 44.8 55.8 42.8 48.3 41.8 54.9 49.5 51 .8 18.1 38.3 36.9 82.3 48.7 46.7 52.2 42.8 32.7 38.5 48.2 29.4 29.8 47.3 47.7 36.8 83.8 64.8 23.0 32.8 47.0 85.5 48.5 
Jul 17.7 5.6 19.5 12.0 21.3 111.1 15.9 20.3 12.9 12.8 122 9.8 17.8 11 .1 21.5 35.5 12.8 32.5 25.8 21 .5 172 18.6 8.9 11.8 11.8 41.9 23.5 23 .• 17.0 10.5 18.1 23.8 28.0 18.5 
Aua 8.2 4.9 6.7 10.8 12.8 13.4 13.6 132 7.8 17.9 11 .1 8.5 12.1 10.8 17.0 17.1 9.5 11.2 27.0 13.0 10.5 82 52 14.8 122 15.8 18.5 11.8 14.2 8.0 18.5 25.1 15.9 12.1 
Seo 7.8 5.7 10.8 20.9 7.3 12.3 11 .0 12.8 8.5 15.5 9.2 17.8 17.7 12.1 u 18.2 14.5 7.2 30.8 15.7 17.4 8.0 5.8 u 10.2 10.9 20.5 11 .3 2o.& 18.8 11.3 115.4 9.9 13.1 
Oct 8.0 5.9 15.1 15.1 8.8 13.1 11 .5 13.5 8.8 15.4 11.8 13.4 12.7 11 .0 8.4 19.9 12.4 7.7 28.3 14.8 13.1 11 .7 5.4 15.1 8.4 11 .8 20.2 15.7 12.3 13.0 9.5 9 .5 15.5 12.1 
Nov 14.3 4.5 122 12.2 16.5 6 .2 16.7 13.4 5.4 13.2 13.3 8.8 9.1 6 .8 7.7 18.1 8.9 16.2 24.1 11.1 18.2 10.3 8.0 15.3 12.9 19.8 13.5 10.3 8.8 23.4 15.9 6.9 18.7 12.7 
Dec 8.2 2.6 8.9 7.5 6 .7 4.3 5.4 7.5 5.3 6.2 7.8 5.2 13.3 4.3 ... 12.8 4.7 8.4 15.6 5.8 8.5 8.1 4.8 82 13.3 100 7.3 5.5 8.7 16.4 12.0 ... 7.7 

Annual Averaae 12.1 

Simulated Ftows • CGCMS-CRCM CUrtwnt Period Blii•.Corrected RCM In MJts) 
1HI 1Ht 1170 1171 1172 1173 1174 1175 1178 1977 1171 1171 1NO 1181 1182 1H3 1184 1186 1181 1187 1HI 1181 1t90 1n1 1112 1tt3 1114 1118 11M 1H7 1HI 1tn 2000 avo 

Jon 3.7 4.4 .7 7.0 5.8 6.7 3.7 6.1 8.5 7.8 5.4 u u u 4.4 u 19.7 5.2 85 8.5 7.3 7.0 7.4 3.3 5.1 18.4 &2 7,3 5.4 7.1 10 8 18.0 4.4 7.7 
Feb 2.8 3.4 4.0 5.0 4.3 4.8 3.1 5 .0 5.3 4.9 5.9 7.8 4.7 8.0 3.3 4.7 8.5 3.8 4.7 11.2 5.0 50 ... 2.5 4.5 5.0 12.2 4.6 4.7 4.2 8.0 8.0 3.5 1.4 
Mer 2.2 2.9 3.5 4.2 3.3 3.7 3.1 4.6 4.0 3.9 7.3 5.3 13.1 4.2 2.7 3.9 7.1 5.7 3.6 5.4 38 4.1 3.5 5.8 3.5 11 .7 32.8 11.2 3.5 3.3 4.8 5.5 2.7 6.1 
A r 3.9 23.4 5.0 3.1 3.0 3.0 2.8 2.8 3.1 71 7.2 7.0 28.3 4.6 3.1 8.2 5.7 3.2 8 .5 u "1.8 3.0 8.9 29 2.8 10.8 28.5 5.5 4.1 13.1 3.7 14.0 3.8 8.7 
Me 58.0 38.5 49.3 57.3 11.1 70.3 40.3 82.8 18.5 44.3 32.0 53.8 23 5 48.5 432 43.1 77.7 18.8 822 58.3 438 68.0 41.0 78 0 78.9 47.5 30,4 42.5 25.5 37.1 54.7 44.3 5M 47.l 
Jun 54.0 5.9 31.8 23.7 81.3 41.4 58.1 21.2 8 1.3 24.8 43.3 15.8 16.3 28.5 87.3 41 .3 28.5 70.8 38.1 20.1 15.8 49.4 10.S 242 33.5 33.3 28.7 87.2 65.7 11.9 33.8 14.1 9&.8 31.5 
Jut 2-4.4 5.3 14,5 11.6 HI.' 22.4 12.8 28.8 14.9 12.8 12.1 10.8 15.6 8.3 12.6 21 .2 11.8 22.9 15.3 26.0 14.5 15.0 8.9 13,8 11.7 31 .4 22.5 25.8 16.4 10.8 24.0 29.0 202 17.2 
Aua 9.7 5.2 5.9 10.0 12.7 13.2 14.4 14.8 u 18.4 112 8.4 11.7 8.5 16.5 15.5 11.4 10.8 32.6 12.7 8.3 8.0 4.9 15.1 11 .6 13.7 18.3 13.7 14.7 1.5 20.7 30.2 14.9 13.l 
Sao 8.8 5.5 10.8 23.9 8.7 12.3 10.8 13.8 8.7 18.1 u 20.0 18.2 10.9 8.0 11.7 15.2 7.0 37.0 15.5 17.0 5.5 u 10.0 9.8 9.0 22.0 11.8 24.0 1U 11 .9 17.8 9.1 13.7 
Oct 9.4 5.5 18.7 182 11 .4 14.0 13.8 18.0 8.8 18.8 14.3 15.4 12.8 12.4 8.5 22.3 12.1 7.7 31 .2 15.7 13.2 13.4 5.3 17.2 8.8 13.0 23.2 uu 13.8 14.8 11 .5 10.0 18.5 14.2 
Nov 14.7 7.5 30.3 17.3 22.8 8.3 20.0 14.8 8.5 14.4 15.3 15.6 10.5 12.0 14.9 27.2 11.9 19.8 302 11.5 21.5 10.3 7.5 21.8 14.3 25.5 19.2 16.8 10.2 27.7 22.2 13.8 17.4 11.8 
Dec 9.4 27.9 132 10.4 14 .5 5.7 12.1 15.4 23.9 7.5 13.9 17.3 18.5 1.4 15.9 27.1 13.9 17.8 18.7 22.4 15.1 15.3 9.3 10.9 19.1 20.9 14.4 10.4 12.7 20.1 33.0 7.3 15.7 

Simulated Fk»ws • COCM3.CRCM Future Period Unconwcted RCM lnouts 
2038 2039 2040 2041 2042 2043 2044 2045 2041 2047 2048 2041 2010 2061 2062 2053 2054 2011 2051 2067 2051 2011 20111 2011 2012 2013 2014 2011 20H 2017 2018 201t 2070 eva 

Jan 3.7 8.2 5.0 5.4 3.1 3.7 3.3 7.3 3.9 7.1 4.2 3.2 3.8 4.4 3.8 52 8.1 7.5 5.2 2.8 6.5 7.2 7.1 8.9 3.9 8.9 8.4 3.0 10.1 14.2 4.7 9.5 4.4 6.1 
Feb 2.8 3.4 3.7 4.0 2.6 a 2.7 5.2 3.8 4.8 3.3 2.5 3.0 3.4 3.2 3.9 4.5 5.3 4.4 2.3 3.8 5.2 4.8 4.8 3.1 4.7 4 .3 2.4 3.9 11.3 4.0 11 .7 3.7 4.2 
Mer 2.2 2.7 2.8 3.2 2.5 2.1 22 4.0 2.7 3.5 2.8 2.1 2.7 2.7 2 .8 3.3 3.5 M 3.9 2.0 3.2 3.8 3.0 3.7 2.5 18.5 3.3 2.1 3.1 g,5 4.7 8.6 5.3 4.0 
Aor 2.7 2 .3 5 .0 3.5 1.8 3.8 1.g 3.e 3.9 5.1 22 4.0 3.8 2.3 20 3.8 3.3 7.4 2.7 1.7 2.1 3.1 2.8 3.8 2.8 9.4 2.6 1.7 3.0 7.7 M 15.1 3.0 4.0 
Mey 12.8 18.1 38.5 8.4 20.5 35.3 7.5 142 30.1 38.2 18.0 8.4 10.7 21 .3 25.7 34.1 13.3 US.J 4.5 4.0 5.6 44.3 23.4 43.5 21.5 25.8 18.1 31.8 23.3 30.5 50.3 17.2 14.4 22.1 
Jun 29.9 52.7 19.7 59.9 65.7 20.0 65.1 51.9 55.0 31.2 53.6 54.3 42.8 18.5 30.2 13.1 110.1 37.7 65.3 110.3 67.7 48,7 39.5 12.5 74.1 18.7 48.3 44.0 42.8 19.7 28.7 12.4 81.1 42.1 
Jul 7.7 15.8 11.15 14 .7 20.7 8.4 17.7 29.7 14 .1 22.0 115.1 8.1 8.8 10.7 15.9 18.4 22.0 14.4 13.4 13.4 17.2 11.2 13.1 15.8 27.5 11.7 17.3 11.1 11.8 18.6 17.1 14.9 22.4 15.8 
A 10.3 9.9 10.5 11 .1 10,0 11 .2 18.7 13.9 12.0 13.8 10.7 17.8 7.8 8.1 82 e.e 12.7 22.3 u 16.6 15.0 18.3 13.5 8.4 14.2 5.9 10.0 12.6 13.1 25.3 19.0 9.0 10.3 12.7 
So 1o.& 13.7 10.8 11.4 8 .0 12.1 18.9 15.15 18.3 13.1 7.4 11.8 11.3 6 .7 6.8 13.3 152 15.8 5.5 12.2 25.0 12.6 1o.& 13.2 14.1 12.0 8.3 8.2 18.7 14.1 280 12.7 10.8 13.0 
Oct 13.3 15.0 10.1 10.3 u 13.1 21.3 9.3 19.1 14.1 82 13.5 12.8 13.4 8.1 13 7 17.9 12.5 8.0 12.0 24.2 13.0 14.6 15.2 21.5 132 7.2 6.8 132 13.8 33.8 12.7 7.7 13JI 
Nov 11.3 11 .4 15.8 10.0 76 8.0 17.3 12.1 13.8 11.5 u 8.3 11.3 10.7 11.7 23.0 34.2 18.8 9.7 11.6 22.4 15.8 12.5 9.8 12.4 13.0 8.7 7.5 12.8 14.5 18.2 12.7 7.0 13.2 
Dec 7.5 10 ... 120 4.4 5.1 4,4 1g.8 5.8 18.3 5.9 4.8 5.2 10.8 5.3 21 .5 12.1 18.3 9.4 4.1 88 1U a 1 10.0 5.3 18.4 19 ... 4.4 138 8.1 e.e 19.4 7.1 10.3 

~I Average 13.5 

Slmulalad Flows · CGCM3.CRCM Futuro Period (Bias.Corrocted RCM In .... 
2038 2031 2040 2041 2042 2043 2044 2041 2041 2047 2041 2041 2010 2011 2062 2063 2054 2085 20M 2067 20M 2011 20111 2011 2012 2013 2014 2011 2011 2017 2018 2011 2070 leva 

Jon 3.7 15 .0 10.4 7.1 7.6 9.0 7.3 10.5 5.1 11 2 5.4 u 4.4 5.8 5.8 9.0 12.8 13.8 10.4 4.1 15.4 11 .5 20.9 11 .7 5.0 11.8 24.8 3.5 17.7 30.6 9.5 12.8 6.8 1U 
Feb 3.0 72 7.4 5.0 5.7 5.5 4.7 6.8 3.8 8.5 4.5 3.3 3.4 4 .3 4.2 8.2 7.3 8.2 7.8 3.8 5.8 7.3 14.1 5.7 3.8 6.1 12.3 28 5.8 28.4 9.8 18.3 6.9 72 
Mar 2.7 7.8 82 4 .0 8.4 3.0 3.5 13.0 3.0 4.7 3,4 2.8 3.8 34 4.1 10 I 5.3 12.4 1St 30 4.6 5.3 9.2 4.3 30 110.0 10.7 2.3 4,3 33.8 15.2 22.4 38.8 10.1 
AP!. 27.0 29.0 37.5 6.5 5.3 15.8 2.8 43.7 11.5 24.4 2.8 13.8 23.0 4.2 3.8 10.1 7.1 40.8 5.1 u 3.1 U .t 16.5 3.3 10 7 31.0 7.6 12.8 3.4 32.8 44.8 39.4 42.0 17.7 
May 43.8 53.4 37.7 36.1 62.8 47.7 40.3 52. 1 91.8 82.8 85.7 48.7 57.4 48.0 54.1 48.9 75.8 21.8 47.2 74.0 57.8 88.7 48.1 841 107.3 18.9 65.5 87.8 78.4 189 55.8 18.0 388 85.4 
Jun 115.1 23.5 13.3 71 .8 35.4 16.4 60.8 35.5 40.4 34.5 51.2 35.4 15.4 13.8 21.5 108 55.3 14.3 47.0 37.6 70.8 43.4 14.8 20.5 52.5 21.8 22.1 31.0 41 .8 18.7 20.5 15.5 27.1 31.1 
Jul 9.4 15.2 12.9 16.4 21 .3 8.5 14.0 35.3 15.3 27.0 18.2 8.6 7.8 11.5 20.S 24.1 13.8 13.8 1f5.1 12.7 18.3 232 12.7 2 .5 30.3 12.9 18.2 13.0 15.0 22.8 192 19.3 23.4 17.3 
Aua 10.7 9.7 10.5 11.5 u 11.4 18.2 15.5 13.5 14.7 11 .2 18.5 7.5 8.1 u 8.9 12.3 25.1 9.6 182 17.2 21.5 13.4 9.8 14.9 5.8 10.0 13.5 152 31.8 21 .9 1D.4 1o.& 13.7 
So 11 .5 142 11.5 12.1 u 13.0 23.3 18.5 21 .4 14.1 7.1 12.1 10.6 6.5 7.0 14.7 15.3 18.9 8.9 13.1 32.7 13.7 10.4 15.3 15.8 14.4 82 8.4 23.8 15.7 35.8 14.7 11 .8 14.5 
Oct 15.7 172 12.0 15.3 8.9 17.4 24.2 9.9 22.3 15.7 9.5 15.1 14.1 15.1 !1.9 180 21 .1 14.2 8.1 13.5 251.8 14.7 115.4 20.1 28.5 15.8 7.5 72 15.8 17.7 42.5 14.8 8.1 11.1 
Nov 12.9 15.9 18.1 26.4 8.2 24.8 20.5 15.7 15.4 152 122 11.1 13.4 12.3 20.4 2U 48.8 22.8 15.5 17.7 31.4 18.5 14.2 18.4 15.0 18.2 10.0 8.3 17.7 17.0 21 .8 15.2 7.5 17.1 
Dec 15.5 19.4 15.9 15.7 12.8 8.8 28.1 9 .9 24.5 10.7 8.4 7.5 12.9 15.0 28.0 20.3 37.1 17.!1 7.2 15.3 30.8 21.5 13,3 8.0 20.3 38.8 5.7 17,2 13.1 18.3 29.0 12.9 17.5 
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Appendix F - Monthly Pinus River Flow (m3/s) 

Simulated Flows • Observed Cllm~~te Inputs 
1111 1961 1170 1171 1112 1173 1114 1116 1171 1111 1111 1119 1110 1111 1112 1113 19U 1915 1916 1117 1111 1111 1110 1191 1992 1913 1tt4 1115 1111 1117 1HI 1111 2000 2001 

Jon 3.7 1.0 10.7 1.3 1.2 4.3 5.1 1.4 3.1 13.1 8.1 5.3 5.5 6.0 10.8 5.9 5.a 4.2 6.1 4.5 5.8 4.7 a .a 4.6 4.5 4.7 6.1 5.4 14.0 1.8 7.0 5.1 7.6 6.1 
Fob u 8.4 1.1 3.4 4.5 3.3 3.5 4.5 3.0 5.a 4.0 11.2 4.0 8.1 1.0 4.0 4.1 3.2 6.2 3.5 4.3 3.6 u 3.5 3.5 3.5 4.5 4.1 7.1 5.6 5.0 3.9 5.1 3.1 
Mar 3.0 4.1 4.2 2.7 4.5 2.7 2.6 8.2 2.4 4.1 3.1 4.5 3.1 u 5.0 3.1 3.2 2.6 3.3 2.5 3.3 2.1 3.7 3.3 2.6 2.8 4.2 3.2 4.0 4.1 3.9 3.1 3.1 2.5 
Apr 3.6 2.5 3.5 5.3 3.2 2.3 2.3 8.2 3.7 4.1 2.5 a.a 2.5 3.3 3.8 11 .2 2 .6 2.2 23.8 31.5 u 13.0 2.1 2.4 2.3 3.1 5.2 12.1 9.8 3.6 u 2.5 a.a 2.1 
MIY 63.1 44.6 51.7 67.4 7.2 61.1 31 .5 34.1 54.1 53.1 53.7 52.5 71.5 as.a 27.1 100.5 55.1 10.7 37.4 55.2 58.8 43.3 11.2 32.3 21.1 u .c 51.8 73.3 55.1 72.1 85.6 103.0 43.6 71 .4 
Jun 10.4 51.1 45.5 42.0 10.4 22.5 54.7 27.5 50.6 42.5 71.4 20.8 75.8 58.3 IU 40.0 124.2 157.2 15.1 17.0 25.1 13.2 81.1 35.0 11 .5 50.4 22.2 13.1 16.6 25.1 34.3 25.7 54.6 20.5 
Jul 15.1 17.3 18.2 19.5 15.1 18.5 11 .1 8.1 10.2 10.1 25.1 17.3 40.7 31.8 22.1 22.0 211.5 57.7 12.6 11.8 17.7 16.1 22.3 23.4 15.0 9.0 11.4 15.1 22.0 22.1 13.1 20.5 32.0 21.1 
AUi! 15.5 17.1 19.1 12.1 11.5 11 .1 1.7 6.5 19.3 15.3 15.1 21.0 15.4 23.5 13.0 12.7 14.2 45.6 12.2 1.4 7.0 21 .7 13.6 11.7 17.1 1.5 13.2 6.7 15.3 20.2 6.7 27.1 13.6 15.1 
Soo 17.4 17.4 15.5 18.3 12.2 5.4 5.2 9.5 27.0 11.5 13.0 20.3 15.0 14.8 15.4 1.9 14.6 27.6 17.2 7.4 7.4 25.9 13.0 5.2 14.0 5.0 15.3 1.1 11 .2 23.1 11 .9 11.4 1.3 10.1 
Oct 15.1 21 .4 11 .9 13.5 15.1 8.1 12.1 8.3 22.4 23.0 22.2 1H 20.0 23.5 10.8 14.2 11.7 22.1 11.7 17.2 11 .5 22.0 10.1 13.1 14.7 19.8 10.1 10.2 22.3 18.7 18.8 30.3 7.1 14.2 
Nov 22.5 17.3 1.7 20.6 10.0 10.8 12.5 11.4 25.1 12.7 13.1 15.7 24.0 28.5 12.7 22.3 9 .7 15.1 11 .5 12.1 15.1 22.7 13.5 14.1 13.4 14.9 20.9 18.2 22.1 18.3 17.8 23.5 10.0 22.1 
Doc 1.1 20.9 5.6 15.4 7.7 13.1 18.2 1.4 13.4 10.1 6.8 8.5 17.1 24.1 10.7 10.9 1.6 1.2 5.3 15.0 1.5 11.1 13.1 8.7 5.1 13.3 1.1 11.4 14.3 14.8 1.3 13.7 5.4 10.4 

2002 2003 2004 2005 20ot 2007 2001 ova 
Jon 6.1 7.9 5.7 u 8.3 10.2 5.7 u 
Fob 4.5 4.9 4.0 3.4 4.5 u 4.2 4.1 
Mor 3.5 3.8 3.1 2.7 3.6 3.4 3.3 3.1 
1\pr 2.5 8.1 5.5 2.8 21 .2 3.1 1.1 1.3 
May 37.5 14.1 59.0 71 .2 70.8 47.5 63.8 65.3 
Jun 47.4 25.1 28.4 11.4 17.8 28.8 22.2 44.7 
Jul 15.3 15.7 11 .9 1.5 17.3 13.3 14.4 11.1 
Au a 22.0 8.2 17.9 13.5 13.5 11 .3 1.5 16.3 
Sao 11.1 5.5 11 .7 11.8 5.1 16.4 12.1 14.0 
Oct 15.6 1.5 15.7 14.0 5.1 15.5 12.5 11.7 
Nov 11.1 11.1 9.1 15.4 11 .1 20.0 13.0 11.3 
Doc 1U 10.5 5.7 14.1 9.5 5.5 13.2 11.4 

Annual Average 17.1 

Simulated Flows- NCEP-CRCM RCM lr,_p~tl Unconwcted 
1111 1910 1111 1112 1113 1114 1116 1111 1117 1111 1911 1110 1111 1112 1113 1114 1195 1196 1117 1111 1111 2000 2001 2002 2003 IVO 

Jon 5.4 3.7 4.4 6.2 a.a u 3.6 4.6 3.1 4.2 4.7 4.0 3.7 4.5 3.1 5.8 3.1 6.5 5.5 5.4 3.8 2.1 7.1 5.8 4.1 6.0 
Fob 8.6 2.5 ... u 4.1 4.1 3.5 2.5 2.5 3.2 3.5 3.2 3.7 3.5 2.5 4.3 3.0 5.3 3.1 4.2 3.2 2.4 3.8 3.4 3.8 3.1 
Mor 5.1 2.3 3.3 3.5 2.7 3.1 2.5 2.3 2.1 2.6 2.9 2.8 3.1 3.1 2.0 3.4 2.5 4.9 2.5 3.8 2.4 2.1 2.1 3.4 2.5 3.0 
A or 10.0 1.1 2.4 2.8 18.1 2.4 2.0 5.0 25.7 2.2 2.5 u 2.1 3.5 1.1 1.5 2 .4 5.0 4.2 2.8 2.0 1.1 2.4 3.2 2.1 5.2 
Mov 35.2 20.9 1.3 41.7 55.5 37.4 13.5 51.0 211.7 45.3 36.2 17.7 15.1 14.3 40.5 35.0 25.1 34.7 25.1 43.5 76.4 13.5 45.2 5.7 25 0 32.1 
Jun 14.5 52.5 72.3 14.5 16.3 36.4 39.7 25.2 11.5 36.5 12.7 34.5 50.5 531 15.5 23.0 37.7 21 .7 45.1 35.2 211.5 67.5 15.3 47.3 45.1 34.4 
Jul 12.7 13.9 15.4 14.9 18.2 14.0 11 .7 23.5 12.0 20.3 5.2 14.5 13.5 8.5 14.1 13.0 12 .0 10.1 20.0 14.5 12.4 22.1 15.5 12.7 13.1 1U 
Au a 17.5 1.3 15.0 6.5 11 .1 7.8 1.2 12.5 11 .0 14.0 7.5 u 13.3 5.1 7.0 12.8 5.1 1.3 15.1 10.4 7.5 11 .1 16.5 10.5 5.7 10.1 
Sao 1.3 10.0 11 .9 7.7 13.5 7.2 6.3 10.1 5.5 11.7 7.7 13.6 10.3 11.5 10.3 1.0 7.3 7.2 11.4 a.a 8.7 14.2 1.0 10.8 1.1 10.2 
Oc1 7.1 15.1 12.1 5.9 14.1 15.4 8.0 11.0 7.9 12.7 10.6 14.4 11.5 10.0 1U 15.4 6.5 9.9 11 .0 11 .5 1.1 10.0 1.5 1U 90 11.1 
Nov 1.2 13.5 12.0 14.7 12.5 10.2 14.1 a .o 15.1 14.5 13.2 7.5 12.7 7.4 14.5 10.8 11 .7 1.7 12.2 11 .1 7.8 11 .0 5.8 11.8 17.5 11 .1 
Doc 6.5 77 11.3 10.1 5.5 5.3 5.7 4.0 1.5 10.5 5.4 5.4 5.5 4.0 11.1 5.2 a .o 1.2 13.1 49 4.2 7.3 7.4 5.7 1.0 

Annual Average 12.1 

Slmultted Flowa - NCEP...CRCM RCM lnputa Biu.Corroctedl 
1111 1910 1911 1tl2 1113 1114 1116 111& 1117 1111 1111 1190 1111 1112 11U 11N 1196 1191 1197 1111 1111 2000 2001 2002 2003 IVO 

Jan 14.7 1.5 12.4 11.0 15.1 9.1 8.1 1.1 4.1 7.2 1.3 5.1 1.0 8.1 4.1 14.3 7.1 11.1 14.1 9.7 5.1 ... 15.3 11.5 10.2 1.7 
Fob 14.5 4.1 11 .1 1.7 1.2 e.g 4.3 4.5 3.1 5.1 5.7 4.2 5.5 4.9 3.2 H 5.4 13.2 7.1 1.2 4.1 3.8 5.2 1.a 1.1 1.4 
Mar 1.6 3.2 1.0 u 4.7 u 3.4 3.1 2.6 3.1 4.3 3.3 4.1 u 2.1 5.3 3.1 13.7 4.1 1.0 3.2 3.2 4.5 5.1 4.0 u 
'Aor 14.2 2.1 5.1 3.7 22.3 3.3 2.7 8.1 31.8 3.2 5.1 4.6 3.7 4.3 1.7 12.4 3.7 13.1 .. 3.8 2.7 4.2 u 5.2 3.1 7.4 
May 57.8 35.9 35.1 71.4 82.1 81.0 27.0 11 .2 49.7 51.1 47.7 25.5 33.7 31 .2 10.3 5H 54.7 54.9 59.7 85.2 121.1 33.1 71.1 25.5 42.0 55.1 
Jun 23.1 81 .5 59.1 21.1 25.2 36.6 51.5 40.0 18.9 53.3 15.7 57.3 59.0 85.4 30.7 32.4 33.8 13.8 44.7 55.2 45.4 83.0 25.0 45.9 51 .1 43.1 
Jul 20.0 22.7 21 .3 21.3 24.1 21.0 11.1 34.2 11.1 30.2 11.4 20.2 17.5 12.1 11.7 11.0 15.5 12.1 27.5 23.7 111 35.0 23.1 11.4 11.4 20.1 
Auo 27.1 13.5 24.1 1.4 112 11.5 14.7 11.5 15.1 21.0 11.0 12.1 18.1 7.1 1.1 11.5 11.2 11.5 21.0 16.1 11.8 16.1 27.0 14.3 12.4 15.1 
SID 14.5 1U 11.1 10.0 11.3 1.7 5.4 15.4 12.1 15.1 11. 1 11.2 14.1 17.2 15.4 13.5 10 2 10.1 21.0 13.3 130 20.5 13.7 15.3 13.5 1U 
Oct 121 24.4 17.0 1.1 21 .1 22.1 12.0 14.5 11 .3 17.3 1U 11.1 25.1 14.3 20.7 22.0 11.5 13.5 11.1 18.7 14.4 14.0 13.5 20.5 12.1 11.1 
Nov 12.1 33.1 11.3 19.7 22.1 1U 11.5 10.0 23.0 23.3 151 11.7 23.3 11 .5 21 .1 27.0 15.4 12.4 15.9 15.1 17.3 15.2 11.3 15.5 29.7 11.1 
Doc 11 .7 27.2 25.1 21.5 21.7 14.5 8.1 5.8 17.6 21.2 1.6 15.1 12.1 sa 28.5 11 .5 15.1 20.0 22.7 11.0 10.5 11.3 17.3 15.1 11.2 

Annual Aver~ge 11.2 
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Appendix F - Monthly Pinus River Flow (m3/s) 

Measured Flows 
1991 1111 2000 2001 2002 2003 2()0.4 2005 2006 2007 2001 ova 

Jan 5.8 5.0 3.2 7.4 4.4 4.8 4.8 7.3 8.0 2.7 5.1 
Fob u 3.8 2.2 3.4 3.0 3.4 3.4 4.7 3.8 2.0 3.4 
Mar 3.7 4.2 2.1 2.8 2.2 a a 3.2 2.Q 1.8 2.1 
A or 4.3 5.0 2.5 3.8 5.1 8.5 7.0 5.2 2.3 3.0 4.5 
May 81 .0 42.8 71 .3 38.5 70.3 74.8 00.4 75.3 48.1 5Q.3 12.5 
Jun 32.8 52.7 28.5 52.5 25.7 51 .4 12.1 14.2 38.7 18.3 32.5 
Jul 20.9 ~.3 23.1 13.0 18.7 13.2 5.8 20.4 15.0 15.7 17.5 
Aua 22.4 10.8 18.8 25.5 7.8 19.3 7.8 14.3 5.9 12.1 14.2 
Sap 14.5 4.8 12.7 18.1 8.4 g_g 13.3 8.4 20.8 8.3 1U 
Oct 14.4 8.8 23.0 28.8 12.8 12.1 13.3 7.7 21 .8 11 .1 18.0 
Nov 18.3 20.0 7.5 18.4 15.3 14.1 8.5 15.4 19.8 18.8 14.8 16.5 
Doc 8.8 8.0 4.7 12.0 u 7.7 8.1 20.0 17.3 5.2 Q.1 1.1 

Annuli Aver~ge 11.3 
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Appendix G 

W ATFLOOD Parameter File 

135 



# runtime 
# rundate 
ver 

12 : 16 : 28 
2009-11-13 

9.300 parameter file version number 
iopt 
itype 
numa 
nper 
kc 
maxn 
errfl 
itrc 
iiout 
typeo 
nbsn 
mndr 
a2 
a3 
a4 
a5 
a6 
a7 
aS 
a9 
alO 
all 
al2 

lzf 
pwr 
Rln 
R2n 
mndr 
aa2 
aa3 

1 debug level 
0 type of valley (O=floodplain, l=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 
0 
4 
1 

-999 . 999 
1.000 

-999 . 999 
-999 . 999 

0.984 
900.000 

0.900 
0.135 
0.300 
1. 000 
0.010 
0.500 

riverclas 
O. lOOE-06 
0.250£+01 
0.120£+00 
0.280£-01 
0.100£+01 
0.110£+01 
O. lOOE-01 

tracer no GW=l00 , 3-comp=4 , 6-comp=5 

no of land classes optimized(part 2 ) 
no of river classes optimized (part 2 ) 

Manning ' s corection for instream lakes 
min water fraction for slope adjustment 
river slope for water area 
API hourly reduction value (optimized) 
Minimum routing time step in seconds 
weighting factor - old vs. new sea value 
min temperature time offset 
max heat deficit to swe ratio 
uz discharge function exponent 
min h() for bare ground 
min precip rate for smearing 

aa4 0.100£+01 
theta 0 . 263£+00 
widep 0.300£+02 
kcond 0.612£- 02 

forest wetland wetland water impervious 
ds 0.100£+02 0 . 100£+10 0 . 100£+10 O.OOOE+OO 0.100£+01 
dsfs 0.100£+10 O. OOOE+OO 0 . 100£+01 
rec 0 . 100£+01 0.100£+01 0.100£+01 
ak 0 . 500E+00-0 . 100E+OO O.lOOE-10 
akfs 0.500E+00-0 . 100E+OO O. lOOE-10 
retn 0.100£+03 0 . 100£+00 0 . 100£+00 
ak2 0.200£-01 0.140£-00 0 . 140£-01 
ak2fs 0.200£-01 0 . 840£+00 0 . 840£+00 
r3 0.400£+01 0.898£+01 0 . 400£+01 
R3fs 0.400£+01 0.898£+01 0 . 400£+01 
r4 0 . 100£+02 0.100£+02 0.100£+0 2 
ch 0.70 0£+00 0.900£+00 0.700£+00 
mf 0 . 200£+00 0.220£+00 0.200£+00 
base -0.244E+Ol-0 . 250E+Ol-0.250E+Ol-0.250E+Ol-0 . 25 0E+Ol 
nmf 0.200£+00 0 . 200£+00 0.200£+00 0 . 100£+01 0.200£+00 
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UADJ O. OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.O OOE+OO 
TIPM 0.200E+OO 0.200E+OO 0 . 200E+OO 0 . 200E+OO 0.200E+OO 
RHO 0.333E+OO 0.333E+OO 0 . 333E+OO 0 . 333E+OO 0.333E+OO 
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 0.11 0.18 0.18 0.15 0.18 
fpet 3 . 56 3.50 3.50 1. 00 1. 00 
ftal 0.70 0.70 0.70 0.65 0 . 65 
flint 1. 1. 1. 0. 1. 
fcap 0.20 0.20 0.20 0.20 0 . 20 
ffcap 0 . 10 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. 
temp a 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 jun jul 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+OO 0 . 500E+OO 0.400E+01 0.120E+Ol 
ak -0.200E+OO 0.500E+OO 0 . 400E+Ol 0.500E+OO 
ak -0 . 200E+OO 0.500E+OO 0 . 400E+01 0.500E+OO 
ak -0 . 200E+OO 0.500E+OO 0 . 400E+Ol -O.lOOE+OO 
akfs -0.200E+00 0.500E+OO 0 . 400E+Ol 0.120E+Ol 
akfs -0.200E+OO 0.500E+OO 0 . 400E+Ol 0.500E+OO 
akfs -0.200E+OO 0 . 500E+OO 0 . 400E+Ol 0.500E+OO 
akfs -0.200E+OO 0.500E+OO 0 . 400E+01 -O.lOOE+OO 
rec -0.200E+OO 0 . 500E+OO 0 . 400E+01 0 . 100E+01 
rec -0.200E+OO 0 . 500E+OO 0.400E+01 0.100E+01 
rec -0.200E-01 0 . 200E-01 0 . 200E+OO 0.100E+01 
rec -0.200E-01 0.200E-01 0 . 200E+OO 0 . 100E+Ol 
r3 -0 . 200E-01 0.200E-01 0 . 200E+OO 0.381E+02 
r3 -0 . 200E-01 0.200E-01 0 . 200E+OO 0.898E+Ol 
r3 -0 . 200E-01 0.200E-01 0 . 200E+OO 0.898E+Ol 
r3 -0 . 200E-01 0.500E+Ol 0.500E+02 0 . 400E+Ol 
fpet 0.500E-01 0.500E+OO 0 . 500E+Ol 0.356E+Ol 
fpet -0 . 500E-01 0.500E-01 0.500E+Ol 0.350E+Ol 
fpet -0.500E- 01 0 . 500E-01 0.500E+Ol 0.350E+Ol 
fpet -0 . 500E-01 0.500E-01 0.500E+Ol O. lOOE+Ol 
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-------------------------- ------ -

ftal O.SOOE-01 O.lOOE+OO O. SOOE+Ol 0.700E+OO 
ftal -O . SOOE-01 0 . 700E+OO 0.500E+01 0 . 700E+OO 
ftal -O . SOOE-01 0 . 700E+OO 0 . 500E+01 0.700E+OO 
ftal -O . SOOE-01 0.700E+00 0.500E+01 0 . 650E+OO 
mf -0.200E-01 O. SOOE-01 0 . 250E+OO 0.220E+OO 
mf -0.200E-01 O. SOOE-01 0 . 250E+OO 0.220E+OO 
mf -0.200E-01 O. SOOE-01 0 . 250E+OO 0.220E+OO 
mf -0 . 200E-01 O. SOOE-01 0.250E+OO 0.200E+OO 
base -0 . 100E+OO -0.500E+01 0 . 500E+01 -0.244E+01 
base -0 . 100E+OO -0 . 500E+01 0 . 500E+01 -0 . 250E+01 
base -0 . 100E+OO -0 . 500E+01 0 . 500E+01 - 0.250E+01 
base -0.100E+OO -0 . 500E+01 0 . 500E+01 -0.250E+01 
nmf -0.100E-03 -0 . 400E+01 O.OOOE+OO 0.200E+OO 
nmf -0 . 100E-03 -0 . 400E+01 O. OOOE+OO 0 . 200E+OO 
nmf -0 . 100E-03 -0 . 400E+01 O. OOOE+OO 0 . 200E+OO 
nmf - 0.200E-01 0.100E+OO 0 . 200E+OO 0 . 100E+01 
retn 0.500E+OO 0 . 100E+01 0 . 200E+03 0 . 100E+03 
retn -0 . 200E-0 1 0 . 100E+OO 0 . 200E+OO 0.800E+0 2 
retn -0.200E-01 0 . 100E+OO 0 . 200E+OO 0 . 800E+0 2 
retn - 0.200E-01 0 . 100E+OO 0 . 200E+OO 0 . 100E+OO 
ak2 0 . 100E-01 0 . 100E-01 0 . 400E+01 0 . 100E+OO 
ak2 -0 . 200E+OO 0 . 500E+OO 0.400E+01 0.140E-01 
ak2 -0 . 200E+OO 0.500E+OO 0 . 400E+01 0.140E-01 
ak2 -0 . 200E+OO O. SOOE+OO 0 . 400E+01 0.140E-01 
ak2fs -0 . 200E+OO 0.500E+OO 0 . 400E+01 0 . 200E-01 
ak2fs -0 . 200E+OO 0 . 500E+OO 0 . 400E+01 0 . 840E+OO 
ak2fs -0.200E+OO O. SOOE+OO 0.400E+01 0.840E+OO 
ak2fs -0.200E+OO 0.500E+OO 0.400E+01 0.840E+OO 
lzf -0 . 100E-07 0 . 100E-08 0.100E-04 0.100E-06 
p wr -O.SOOE-01 0 . 200E+OO 0 . 400E+01 0 . 250E+01 
r2n -O . SOOE-02 O. SOOE-02 0.200E+01 0 . 280E-01 
theta -0.100E- 01 0 . 100E-01 0 . 500E+OO 0 . 263E+OO 
kcond -0 . 100E-03 O. SOOE-02 O. SOOE-01 0.61 2E-02 
aS -0 . 200E+OO O. SOOE-01 0 . 200E+OO 0 . 984E+OO 
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