
































































































































































































































































































Source DF SS MS F P 

ln(a/tanf3) 3 0.518 0.173 0.40 0.750 

Error 282 120.351 0.427 

Total 285 120.869 

S = 0.6533 R-Sq = 0.43% R-Sq(adj) = 0.00% 

Individual 95% Cis For Mean Based on Pooled StDev 

Level N Mean StDev ---------+---------+---------+---------+ 

15 0.9507 0.7687 (----------------·---------------) 

2 34 1.0237 0.6494 ( ----------* ----------) 
3 42 0.8592 0.5737 (---------*---------) 

4 195 0.9457 0.6606 (---*----) 

---------+---------+---------+---------+ 

0.80 1.00 1.20 1.40 

Pooled StDev = 0.6533 

Tukey 95% Simultaneous Confidence Intervals 

All Pairwise Comparisons among Levels of ln(a/tanf3) 

Individual confidence level = 98.92% 

ln(a/tanl3)= I subtracted from: 

ln(a/tanf3) Lower Center Upper +---------+---------+---------+---------

2 -0.4468 0.0730 0.5927 ( ----------------·-----------------) 

3 -0.5959 -0.0915 0.4129 ( ----------------* ----------------) 

4 -0.4543 -0.0050 0.4443 

ln(a/tanf3) = 2 subtracted from: 

( --------------* --------------) 
+---------+---------+---------+---------

-0.60 -0.30 0.00 0.30 

ln(a/tanf3) Lower Center Upper +---------+---------+---------+---------

3 -0.5513 -0.1644 0.2224 (------------·-----------) 

4 -0.3896 -0.0780 0.2336 ( ---------* ----------) 
+---------+---------+---------+---------

-0.60 -0.30 0.00 0.30 

ln(a/tanl3) = 3 subtracted from: 

ln(a/tanf3) Lower Center Upper +---------+---------+---------+---------

4 -0.1988 0.0864 0.3717 (---------· --------) 

+---------+---------+---------+---------

-0.60 -0.30 0.00 0.30 

Figure 8-11: One-way ANOV A test for ln(a/tan~) versus classes. 
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Figure 8-12: Nonnal distribution, residual plot, box plot, and constant variance test for 
ln(a/tan~) versus land cover classes_ 

This study uses ANOV A to explore the relationship between ln(a/tan~) and the land 

cover classes_ The tests show that no obvious connection can be found between these two 

factors. 

8.4. Summary 

The objective of this chapter is to explore the relationship between ln(a/tan~) and the 

different land cover classes. IKONOS satellite images on October 18th 2003 are used to 
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do land cover classification using Decision Tree classifier. From the land cover 

classification, it can be found that in the Marmot Creek basin, 11.21% of the area is bare 

ground, 16.12% area is the grass, and 52.70% area is the forest. The results of the one

way ANOVA show no obvious relationship between ln(a/tanp) and the land cover classes 

can be determined. 
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Chapter 9 

Conclusions and Recommendations 

9.1 . Conclusions 

The purposes of this study are to examine the theory behind TOPMODEL, and to find the 

relation between ln(a/tan~) and land cover classes. TOPMODEL combined with the GA 

is tested under steep topography in needle-leaf forested Marmot Creek basin in Alberta. 

Periods are chosen for the model calibration (from August to October 2007) and model 

validation (from August to September 2006). Snow free seasons are chosen to examine 

this model, because this version of TOPMODEL does not contain the snow component. 

PET, as one of the three input metrological data sets into TOPMODEL, is estimated by 

the Penman-Monteith function with ra and rc simulated by CLASS. ra is also estimated by 

Monteith method (1965) in order to investigate its effects on PET. For the purpose of 

determining spatial variability on streamflow simulation, two resolution DEMs data, l

and 90-meter, and two flow direction algorithms, D8 and Doo, are employed in this 

research. 4-meter resolution IKONOS satellite images are used to do land cover 
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classification across the Marmot Creek basin basing on NDVI values. The covers are 

divided into four classes, which are snow or water, bare ground, grass, and tree. 

Based on the results and discussion described in former chapters, it can be concluded into 

five aspects. 

i) Model performance 

The model efficiencies of the calibration and validation periods are 0.611 and 0.332 for 

TOPMODEL simulations. Several reasons will cause the relative low efficiency model 

performance, like overestimating rainfall, errors in estimation of PET, ignoring the soil 

variability, and without the consideration of snow component which is a very important 

source of the streamflow in the Marmot Creek basin. 

ii) PET Estimation 

The estimated PET produced by Panmen-Monteith method is not sensitive to changing ra 

in the Marmot Creek basin. rc is the main controller for the transpiration compared with 

iii) Effects of spatial variability 

The mean value of ln(a/tanp) increases as the grid size increasing. When using Doo, the 

mean values of ln(a/tanp) are always greater than those calculated by D8. Although 

different grid sizes and flow direction algorithms generated various ln(a/tanp) 

distributions, the simulated streamflow results are virtually identical when the parameters 

are optimized. Both 1- and 90-meter resolution DEMs are not very appreciated for the 

small steep watershed simulation. 

iv) Streamflow generation mechanism 
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The dominant stream generation mechanism is the subsurface flow in the Marmot Creek 

basin. Subsurface flow accounts for 84.9% of the total simulated streamflow during the 

calibration periods. 

v) ln(a/tan~) effects on soil moisture and land cover classes 

ln(a/tan~) has a linear relationship with s. The local s will decrease along with the 

increment of the localln(a/tan~). Therefore, the locations with the relative high ln(a/tan~) 

values will saturate first. There is no obvious relationship between ln(a/tan~) and land 

cover classes. Elevation may have the dominant effect on the land cover distribution. 

9.2. Recommendations 

Four recommendations are proposed to improve this study in the future: 

i) Field measurement of parameters 

It is recommended that a physical range for each parameter be established from field 

measurements, especially for the saturated hydraulic conductivity. The spatial variability 

of parameters affects the results of streamflow simulation. 

ii) Rainfall data in the model simulation 

Rainfall, as the major input data for TOPMODEL, should be measured at more stations 

among the forest in the Marmot Creek basin. The rainfall data sets used in this simulation 

are obtained from the Hey Meadow metrological station which is covered with grass. 

Therefore, the rainfall is overestimated in this simulation without the consideration of 

interruption of the trees. 

iii) PET estimation 
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PET is used to estimate the actual evapotranspiration in TOPMODEL simulation. The 

Penman-Monteith method is limitied to precisely calculate PET, a further study in PET 

estimation is recommended. 

iv) DEM resolution and flow direction algorithms 

Both D8 and Doo are single flow direction algorithms. This limitation becomes 

increasingly important on convex slopes. More suitable flow direction algorithms are 

suggested to determine the flow direction of the streamflow. As 1-meter resolution DEM 

has huge data to process and 90-meter resolution DEM does not work well to the 

hydrologic simulation in hillslope watershed, a more appropriate resolution DEM is 

recommend. 

v) Improved TOPMODEL 

In the Marmot Creek basin most of the streamflow results from the melting of snow. 

Snow as the most important component in this watershed is ignored in TOPMODEL 

simulation. Although the calibration period is snow free, the streamflow is still 

significantly affected by the snow. This will result in the poor prediction. TOPMODEL 

combined with a sophisticated snow subroutine is highly recommended to improve our 

simulation in the future. 
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