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Coast Forest District 

 
 
 
EXECUTIVE SUMMARY 
 
We compared conventional Terrain Stability Mapping (Level C) with SINMAP product in 
five watersheds in the North Coast Forest District.   
 
We conducted the mapping on randomly selected portions of the watersheds, then 
overlaid our TSM with a provided sheet showing SINMAP polygons.  We calculated the 
total area (and proportion of the map areas) lying within Class IV and V terrain, 
comparing these numbers between TSM and SINMAP.  In general, TSM was more 
conservative, identifying substantially more unstable terrain than SINMAP in four of the 
five watersheds. 
 
We calculated the Type I error, defined as the areas mapped by TSM as Class IV or V, 
but as stable by SINMAP.  This error was substantial, amounting to, on average, over 
50% of the terrain we mapped as Class IV and V. 
 
The Type II error, namely the areas mapped by SINMAP as Class IV or V, but not by 
TSM, were much smaller, except in Pyne Lake.  On average, less than 20% of the TSM 
Class IV and V was delineated in SINMAP as neither IV or V.  A total of 663 visual 
checks done during low-level helicopter passes suggests that roughly 30% of SINMAP 
Class IV or V are actually stable ground. 
 
Two potential sources of error in the SINMAP process may be:  
 

1. the failure to distinguish bedrock slopes that were deemed stable under TSM; 
and 

2. inadequate recognition of terrain processes in SINMAP. 
 
Additional iterations of the SINMAP routine, using updated landslide inventory may 
improve accuracy.  Alternatively, reconnaissance level TSM should provide a reasonably 
cost-effected method of achieving stability mapping objectives over large areas. 
 
 
 



 

1.  INTRODUCTION 
 
SINMAP is a computerized model that allows the desktop mapping unstable slopes.  
The model software was developed by a collaboration of Terratech Consulting Ltd., Utah 
State University, and Canadian Forest Products Ltd. (Tarboton et al, ____).  The model 
uses topographic data from TRIM files (slope, distance from ridge-top), an algorithm to 
estimate drainage concentration, landslide inventory data, and an approximation of 
factor of safety derived from the infinite slope equation.  We have reviewed the 
methodology as described in Assessing Terrain Stability in a GIS using SINMAP (Pack, 
R.T, et. al, 2001). 
 
The BC ministry of Forests has expressed interest in the use of SINMAP to provide 
guidance on the level of constraint imposed by terrain stability on future timber supply.  
The advantage of SINMAP over conventional terrain stability mapping (TSM) is that it is, 
as a desk-based exercise, far cheaper.  In addition, provided the digital information is 
available, SINMAP can be extended over large areas.  And the model is iterative, and 
can be re-calibrated as new information becomes available. 
 
This report describes an investigation into the reliability of SINMAP product in five 
watersheds in the North Coast Forest District.  These were chosen to be representative 
of the geological and physiographic conditions in the north coast.  The BC Ministry of 
Sustainable Resource Management administered the contract award, with funding from 
the Forest Investment Account allocation to International Forest Products Ltd. (Interfor) 
North Coast Division. 
 



 

2.  METHODS 
 
The objective of this exercise is to evaluate the accuracy of SINMAP polygons in five 
representative drainages in the North Coast.  We used two methods to measure the 
accuracy of SINMAP polygons.  
 
For the first method, we compared the results of SINMAP coverage with our own Terrain 
Stability Mapping.  We carried out conventional TSM (TSIL C) in sample areas 
approximately 20% of the entire watershed area.  We used a stratified randomization 
technique to select these sample areas.  This involved stratifying the watershed to 
exclude mainly non-forested areas, and to ensure that helicopter drop off and pick up 
sites were available.   In these sample areas, terrain polygons were delineated on air 
photos.  Subsequently, we conducted fieldwork to confirm the boundaries and labels of 
the mapped polygons, and revised as necessary.  The mapping followed the standards 
in the Terrain Stability Mapping and Assessment Guidebook.  For both the pre-typing 
and the field investigation, we paid particular attention to Class IV, IVR and V areas. 
 
On completion of the TSM, we were able to overlay the SINMAP polygons on the TSM 
ones, to determine the level of agreement.  We computed the proportion of our Class V, 
IV, IVR, and III polygons that overlapped with SINMAP polygons of Class V, IV and R 
(rock).  We also did the reverse calculations, namely the proportion of SINMAP polygons 
coinciding with their commensurate TSM polygons.  These statistics were compiled for 
each of the five drainages.  In addition, we computed the proportion of total area in 
SINMAP and TSM polygons of different categories. 
 
The second analysis consisted of a comparison of helicopter visual checks against 
SINMAP polygons.  We completed a total of  631 visual checks using low-level 
helicopter passes of areas that had been mapped as SINMAP class IV or V.  We 
attempted to complete these for the entire area of each of the five chosen watersheds.  
However, due to time and budget limitations, we were unable to check each and every 
SINMAP polygon.  We then plotted each visual check using GPS reference points, and 
overlaid them on the SINMAP product.  The proportion of visual checks that 
corresponded with the commensurate SINMAP classification was then computed.  We 
recognize that the accuracy of the GPS data may be a limitation to the power of this 
method, and accordingly represents a ‘back-up’ analysis. 
 



 

3.  BIOPHYSICAL DESCRIPTION 
 

3.  PHYSICAL ENVIRONMENT 
3.1 Regional Setting and Physiography 

The SINMAP project encompasses 40,346 hectares in 5 separate areas of coastal 
British Columbia from Pyne Creek on Princess Royal Island in the south to Stagoo 
Creek on Observatory Inlet north of the Nass River.  
 
Area TRIM 

mapsheet 
Area 
(ha) 

Physiographic 
Region (Holland 
1976) 

Max 
elev 
(m) 

Stagoo Creek (Observatory 
Inlet) 

103P.022 & 
023 

17,594 Coast Mountains 
- Boundary 
Ranges 

1800 

Cedar Creek (Khutzeymateen 
Inlet) 

103I.051 & 
061 

3,511 Coast Mountains 
- Kitimat Ranges 

1200 

Feak Creek (Skeena River) 103I.013 & 
023 

8,750 Coast Mountains 
- Kitimat Ranges 

1520 

Taylor Bight Creek (Gil Island) 103H.014 & 
015 

3,203 Coastal Trough – 
Hecate Lowland 

680 

Pyne Creek (Princess Royal 
Island) 

103A.086 & 
087 

7,288 Coast Mountains 
- Kitimat Ranges 

840 

 
The lowest elevation in each of the studies areas is at or near sea level. Stagoo Creek 
exhibits the greatest vertical relief with peaks rising to approximately 1800 m a.s.l., The 
peaks of Feak Creek rise to 1520 m a.s.l., while the peaks of Cedar Creek rise to 1200 
m a.s.l. Pyne Creek and Taylor Bight Creek have the least vertical relief with heights of 
land at 840 m a.s.l. and 680 respectively.  
 
The southern arm of Stagoo Creek lies on the south side of Mount Huntingdon and 
drains into Observatory Inlet from the east approximately 14 km south of Alice Arm. The 
headwaters for Stagoo Creek are in a large icefield. The creek lies in a deep u-shaped 
valley carved by glacial ice. The valley is oriented east-west. Gullying is prominent and 
the often deeply incised gullies are subject to debris slides and debris flows. Glaciation 
was more intense on the south side of the valley with three side valleys contributing to 
Stagoo Creek from this side.  There are no lakes or wetlands of significant size within 
the Stagoo Creek study area. 
 
Cedar Creek snakes its way northward and empties into the Khutzeymateen Inlet west 
of Larch Creek. Prominent north to northwest trending lineations in the bedrock can be 
seen on the air photos. Gullying is limited and gullies are shallow. The limited 
avalanching that occurs in the study area is limited to the southern end near the 
headwaters of Cedar Creek. Cedar Creek occupies a v-shaped valley that is oriented in 
a north to northwest by south to southeast direction. Slides are common along the creek 
at the northern dogleg approximately one kilometer south from where the creek empties 
into the inlet.  
 
There are limited forested slopes within the Feak Creek study area. The upper slopes of 
this u-shaped valley are bedrock dominated and very steep having been sculpted by 
glaciers in the competent bedrock. The lower slopes are typically non-forested. 



 

Avalanching dominates the landscape. Seepage was noted on many of the lower slopes. 
Feak Creek starts as two creeks flowing north to northwestward. At approximately the 
midpoint of the study area the two creeks join into one mainstem and continue their 
journey to the Skeena River entering the Skeena on the west side of the Gitnadoix 
Recreation Area.  
 
With a maximum elevation of approximately 680 m a.s.l. Taylor Bight Creek (Gil Island) 
shows the least vertical relief of all the study areas. From the headwaters in the north the 
creeks flows southward through a flat bottomed valley and empties into Taylor Bight. 
The bedrock of the southern portion of the study area is predominantly hummocky. 
Saturated soils are not uncommon in the valley bottom. One large lake occurs in the 
middle of the study area on the eastern side and several small lakes are nestled 
amongst the hummocky bedrock in the southeast corner. 
 
The mainstem of Pyne Creek on Princess Royal Island arises out of Pyne Lake which 
dominates the western portion of the study area. As it flows eastward to Laredo Inlet 
three tributaries join the mainstem, two from the south and one from the north. The low 
elevation areas of Pyne Creek are similar to the low elevation hummocky areas of Taylor 
Bight Creek. Gullying and avalanching are minimal and tend to be limited to the steeper, 
cool aspect slopes of the southern portion of the study area. 
  
 
  
 
 



 

3.2 Climate 
There is little recorded climate data from nearby these study areas. Data from the climate stations closest to each study is summarized in the table 
below, however, these stations range from 35 km to 120 km away from the study areas. 
 
 
Table 3.2   Climate Stations  
 
Study Area 

Station Name and 
distance to 
study area 

Location 
(Lat.-
Long.) 

Elevati
on 
(m a. 
s. l.) 

Perio
d of 
Recor
d 

Annual 
Precipita
tion (mm) 

Averag
e 
annual 
temp 
(ºC) 

Min. 
daily 
temp 
(Jan. 
ºC) 

Min. 
daily 
temp 
(July 
ºC) 

Stagoo Creek  Prince Rupert A  
(120 km s) 

54º18’N 
130º26’W 

34 1961-90 2551 6.9   -2.5 9.8-

Cedar Creek  Prince Rupert A  
(40 km s) 

“ “      “ “ “ “ “

Feak Creek Prince Rupert A  
(45 km w) 

“       “ “ “ “ “ “

“ Terrace A  
(70 km e) 

54º28’N 
128º35’W 

217     1953-
1990 

1295 6.1 -2.4 11.1

“ Falls River ??km s) 53º59’N 
129º44’W 

1931     1931-
1990 

3665 - - -

Taylor Bight Creek Ethelda Bay (35km w) 53º03’N 
129º41’W 

8     1957-
1990 

3287 7.7 0.0 9.3

Pyne Creek Ethelda Bay (65 km w) “ “ “ “ “ “ “ 
 
Source: Atmospheric Environment Service.  1993.



DRAFT SINMAP ANALYSIS 

 
 

3.3 Biogeoclimatic Zones 
The biogeoclimatic subzones and variants for each of the study areas is summarized in 
the table below. 
 

Study Area Biogeoclimatic zone and 
subzone 

Stagoo Creek (Observatory 
Inlet) 

CWHwm, MHmm1, AT 

Cedar Creek (Khutzeymateen 
Inlet) 

CWHvm, MHmm1 

Feak Creek (Skeena River) CWHvm, MHmm1 
Taylor Bight Creek (Gil Island) CWHvh2 
Pyne Creek (Princess Royal 
Island) 

CWHvh2 

 
CWHvm1 (Coastal Western Hemlock Submontane Very Wet Maritime Variant) and 
CWHvm2 (Coastal Western Hemlock Montane Very Wet Maritime Variant): wet, humid 
climate with cool summers and mild winters featuring relatively little snow. Growing 
seasons are long. Precipitation is high.  Zonal forest sites are dominated by Western 
Hemlock, Amabalis fir and lesser amounts of western redcedar.  The CWHvm2 occurs 
above the CWHvm1 and grades into the MH zone above. Like the CWHvm1, the 
CWHvm2 has a wet, humid climate with cool, short summers and cool winters featuring 
substantial snowfall. It has cooler temperatures, shorter growing seasons, and heavier 
snowfall that the CWHvm1. 
 
CWHvh2 (Coastal Western Hemlock Central Very Wet Hypermaritime Variant) is cool 
with very little snowfall. The proximity to the Pacific Ocean moderates temperatures. 
Fog, cloud, and drizzle are common throughout the year. Precipitation varies widely 
across the unit with the lowest rainfall levels at the southern tip of the QCI and highest 
where air masses lift over steep mountains. 
 
CWHwm (Coastal Western Hemlock Wet Maritime) 
 
MHmm1 (Windward Moist Maritime Mountain Hemlock Variant) has long, wet, cold 
winters and short, cool moist summers. Frozen soils are rare due to the insulating 
snowpack, but growing season frosts are common. Total snowfall is high, resulting in 
substantial snowpacks that can persist into July. 
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3.4 Bedrock Geology 

 
Study area Terrane or 

Tectonic 
Assemblage 

Bedrock Geology  

Stagoo Creek ETg – Early 
Tertiary (40-64 Ma) 

granodiorite/ leucogranodirite/ quartz-
monzonite/ quartz-diorite/ tonalite 

Cedar Creek JKG -  conglomorate/ greywacke/ siltstone/ argillite/ 
rhyolite 

Feak Creek nC – Part of 
Central Gneiss 
Complex – protolith 
uncertain 

orthogneiss 

Pyne Creek MJg – Middle 
Jurassic (155-187 
Ma) 

diorite/ granodiorite 

JKd – Late 
Jurassic, early 
cretaceous (130-
155 Ma) 

gabbro/ diorite in the north part of the study 
area 

OTA – Ordovician 
– Triassic 

mudstone/ siltstone/ limestone/ volcanics/ 
chert/ slate/phylitte/ schist in the middle of 
the study area 

Taylor Bight Creek 

MJd – Middle 
Jurrassic (155-187 
Ma) 

diorite/ tonalite in the south part of the study 
area 

Source: GSC 1:1,000,000 
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4.  ANALYSIS 
 
4.1  Breakdown of TSM and SINMAP polygons in sample areas 
 
Table 1 summarizes the breakdown of TSM polygons in each sample area with the five 
drainages.   
 
The statistics show significant differences between the watersheds.   
 
In the Cedar watershed sample area, the area mapped under TSM as not unstable (ie 
total of Class I, II and III polygons) added up to 26.8%.  The SINMAP non-mapped area 
(ie not Class IV or V) amounted to 65.7%.  The area mapped as “R” or rock in the 
SINMAP area was insignificant.  SINMAP showed only 33.7% of the area as Class IV or 
V, compared to 73.2% for Cedar, a difference of more than 117%!  In both cases, the 
majority of the potentially unstable area was Class IV. 
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TABLE 1a. TSM Breakdown within the Sub Area 

     
AREA TSM # of Polygons Total Area % of Sub Total 
Cedar I 1 3.5 0.5% 
Cedar II 22 14.8 2.3% 
Cedar III 100 155.2 23.9% 
subtotal <=III  123 173.5 26.8% 
Cedar IV 298 345.2 53.2% 
Cedar V 190 129.6 20.0% 
subtotal >=IV  488 474.7 73.2% 
Sub Totals  611 648 100% 
Feak II 321 561.6 38.8% 
Feak III 256 406.7 28.1% 
subtotal <=III  577 968.3 66.8% 
Feak IV 398 420.2 29.0% 
Feak IVR 56 60.7 4.2% 
subtotal >=IV  454 480.9 33.2% 
Sub Totals  1031 1449 100% 
Pyne II 201 385.9 29.6% 
Pyne III 360 410.1 31.4% 
subtotal <=III  561 796.0 61.0% 
Pyne IV 321 176.4 13.5% 
Pyne IVR 363 285.2 21.9% 
Pyne V 51 28.8 2.2% 
Pyne N 2 17.7 1.4% 
subtotal >=IV  737 508.0 39.0% 
Sub Totals  1298 1304 100% 
Stagoo I 1 52.0 1.9% 
Stagoo II 786 727.7 27.1% 
Stagoo III 246 298.7 11.1% 
subtotal <=III  1033 1078.5 40.2% 
Stagoo IV 1205 711.3 26.5% 
Stagoo IVR 981 598.4 22.3% 
Stagoo V 915 297.0 11.1% 
subtotal >=IV  3101 1606.7 59.8% 
Sub Totals  4134 2685 100% 
Taylor Bight I 1 1.7 0.2% 
Taylor Bight II 33 263.1 35.5% 
Taylor Bight III 61 241.6 32.6% 
subtotal <=III  95 506.4 68.3% 
Taylor Bight IV 167 210.6 28.4% 
Taylor Bight V 28 23.9 3.2% 
subtotal >=IV  195 234.5 31.7% 
Sub Totals  290 741 100% 
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TABLE 1b. SINMAP Breakdown within the Sub Area 

AREA SINMAP # of Polygons Total Area % of Sub Total 
Taylor Bight N 22 0.8 0.1% 
Taylor Bight N 117 667.8 90.2% 
total N  139 668.5 90.3% 
Taylor Bight IV 118 63.6 8.6% 
Taylor Bight V 29 8.2 1.1% 
Total IV and V  147 71.8 9.7% 
Sub Total  286.0 740.4 100.0% 
Feak N 141 41.2 2.8% 
Feak N 162 978.9 67.6% 
total N  303 1020.2 70.4% 
Feak IV 444 270.9 18.7% 
Feak V 219 121.0 8.3% 
Feak R 65 37.1 2.6% 
Total IV and V  663 392 27% 
Sub Total  1031.0 1449.2 100.0% 
Pyne N 87 140.8 10.8% 
Pyne N 261 0.0 0.0% 
total N  348 140.8 10.8% 
Pyne IV 527 665.0 50.9% 
Pyne V 326 384.7 29.5% 
Pyne R 97 114.8 8.8% 
Total IV and V  853 1050 80.42% 
Sub Total  1298.0 1305.3 100.00% 
Cedar N 67 6.5 1.0% 
Cedar N 90 419.3 64.7% 
total N  157 425.9 65.7% 
Cedar IV 270 169.1 26.1% 
Cedar V 136 49.3 7.6% 
Cedar R 48 4.0 0.6% 
Total IV and V  406 218 33.69% 
Sub Total  611.0 648.2 100.00% 
Stagoo N 1403 191.5 4.5% 
Stagoo N 407 1472.0 34.7% 
total N  1810 1663.4 39.2% 
Stagoo IV 1003 572.1 13.5% 
Stagoo V 881 344.2 8.1% 
Stagoo R 440 105.4 2.5% 
Total IV and V  1884 916 21.60% 
Sub Total  5504.0 4243.2 100.00% 
*** N is area not deemed to be Class IV, V, or R  
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In the Feak sample area, the potentially unstable proportions are 33.2% for TSM and 
27% for SINMAP, a much closer accordance.  The comparison is even closer if we 
exclude IVR areas from the TSM, which brings the total down to 29.0%.  The TSM for 
Feak lacked any Class V polygons, whereas SINMAP identified 219 polygons for a total 
of 8.3% of the area. 
 
TSM in the Pyne sample area yielded 490 polygons amounting to 38 % of the area in 
Class IV or V, compared to SINMAP’s 853 polygons making up 80.5% (a difference of 
112%).  Almost all of the TSM unstable areas were Class IV or IVR, whereas more than 
one third of the SINMAP potentially unstable areas were Class V.  Clearly SINMAP 
identified a much greater area of unstable terrain, and a much greater constraint to 
timber harvesting. 
 
In Stagoo, TSM identified 3101 polygons or 59.8% of the sample area as Class IV, IVR 
or V.  The corresponding statistics for SINMAP are 1884 polygons and 21.6% of the 
area.  Excluding the IVR polygons from the TSM data would reduce the area percentage 
to 37.5%, still far higher than the SINMAP result.   
 
In the TSM, we mapped 195 polygons as Class IV or V, which amounted to 31.7% of the 
sample area.  SINMAP identified 147 similar polygons for a total of 9.7%. 
 
SINMAP creates a separate classification for rock (or “R”).   In our TSM, we rated steep, 
but competent rock as Class II in the TSM.  However, we mapped some areas of rock as 
unstable if they contained partial cover of surficial material or if the bedrock itself 
appeared to be unstable (as in Cedar). 
 
4.2  Analysis of Type I and II Errors 
 
Table 2 summarizes the results of our analysis of the overlaps and gaps (ie: Type I and 
II errors) of terrain stability mapping conducted by TSM and SINMAP.  In these 
comparisons, we examined the number of polygons, total area and percent of sample 
area in different stability classes.   
 
In Cedar Creek, 16.3% of the area (136 polygons, 105 ha) was mapped as Class IV by 
both TSM and SINMAP.  Only 3.1 % (51 polygons, 19.7 ha) was mapped as Class V by 
both systems.  Thus, less than 20% of the area had complete agreement as to Class IV 
or V.  A further 4.2 % of the area ((64 polygons, 27 ha) was identified as Class IV by 
TSM and Class V by SINMAP.  Conversely, 6.6 % (63 polygons, 42.8 ha) were mapped 
as Class V in TSM and Class IV in SINMAP.  Combining these, a total of 30.2% of the 
sample area (in 314 polygons) was identified as either Class IV or V by both mapping 
systems. 
 
Significantly, 31.6 % of the Cedar sample area in 43 polygons was identified as Class IV 
in the TSM, but was not identified as unstable in SINMAP.  On the other hand, SINMAP 
identified 71 polygons, but only 3.15% of the area, as Class IV in areas mapped as 
Class II and III by TSM.    A total of 9.9 % in 29 polygons were mapped by TSM as Class 
V, but were mapped as stable by SINMAP.  Clearly, TSM is more conservative in 
identifying Class IV and V ground, at least in Cedar, than SINMAP.
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TABLE 2.  Analysis of Type I and Type II 
Errors Proportion of Map Areas in Stability Class IV or V 
 Cedar Feak  Pyne Stagoo  Taylor Bight average 
Proportion: TSM IV in agreement 0.31 0.31 0.32 0.28 0.22 0.29 
Proportion: TSM V in agreement 0.15  0.25 0.32 0.10 0.21 
Proportion: TSM IV and V in agreement 0.26 0.31 0.31 0.29 0.21 0.28 
Proportion: TSM IV but SINMAP stable 0.60 0.41 0.44 0.58 0.75 0.56 
Proportion: TSM V but SINMAP stable 0.51  0.33 0.28 0.43 0.39 
Proportion: TSM IV and V but SINMAP stable 0.57 0.41 0.43 0.53 0.72 0.53 
Proportion: SINMAP IV but TSM stable 0.12 0.44 0.12 0.16 0.10 0.19 
Proportion: SINMAP V but TSM stable 0.05 0.57 0.06 0.20 0.00 0.18 
Proportion: SINMAP IV & V but TSM stable 
 

0.11 0.48 0.10 0.17 0.09 0.19 
      

Ratio of Type I error to Type II 11.86 1.04 2.05 5.34 25.62 3.53 
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In Feak Creek sample area, SINMAP and TSM agreed on Class IV terrain in 151 
polygons comprising 137 ha or 9.5 % of total area.  Agreement on Class V terrain was 
nil, since TSM identified no Class V ground.  SINMAP identified 219 polygons 
comprising 121 ha or 8.3 % of the area as Class V.  Agreement for both Class IV and V 
(ie: potentially unstable ground) was found in a total of 13.9 % of the sample area. 
 
The area mapped as Class IV by TSM but as not unstable by SINMAP amounted to 13.3 
% of the sample area.  A slightly smaller area (8.3%) was mapped by SINMAP as Class 
IV but as Class I, II or III by TSM.    As noted above, agreement between SINMAP and 
TSM was greatest in Feak of all the sample areas. 
 
In Pyne, 12.8 % of the sample area was mapped as Class IV and IVR by TSM but was 
not identified as unstable by SINMAP.  Excluding Class IVR reduces this number to 3.3 
%.  The corresponding value for Class V was 0.7%.  In 8.0 % of the sample area, 
SINMAP identified unstable ground where TSM did not.  Both systems agreed on Class 
IV (including IVR) on 11.2 % of the sample area.  However, agreement on Class V 
ground accounted for only 0.6% of the area.   
 
In Stagoo, 22.85 % of the sample area was mapped as Class IV (and IVR) by TSM, but 
not by SINMAP.  The corresponding value for Class V was 1.25%.  Both mapping 
systems agreed on Class IV and V terrain in 13.6% and 3.59 %, respectively.  SINMAP 
identified Class IV and V terrain mapped as stable by TSM in 3.3 % and 2.6% of the 
sample area respectively.   
 
In Taylor Bight, TSM identified Class IV terrain not mapped by SINMAP in 22.7% of the 
sample area.  Class V terrain not mapped by SINMAP accounted for 1.38%.  The two 
systems agreed on Class IV and V terrain on 6.2 % and .34% of the sample area 
respectively.   
 
We have prepared a number of graphs showing the relative areas associated with Type 
1 and Type 2 areas, as well as the proportion in which both mapping systems agreed.  
Type 1 errors are those mapped as TSM Class IV or V, but not mapped as such by 
SINMAP.  Type 2 errors have been mapped as Class IV or V by SINMAP, but not by 
TSM.  Class IVR as mapped by TSM was lumped in with TSM Class IV.  
 
Chart 1 shows the proportion of TSM Class IV and V that was in agreement with 
SINMAP for the same classes.  On average, less than 30% of the area mapped by TSM 
as Class IV or V were also designated IV or V by SINMAP.  The level of agreement is 
just over 20% when Class V terrain is viewed alone.  Agreement was particularly dismal 
in Taylor Bight.   
 
Chart 2 shows the proportion of area that was classed as IV or V by TSM, but not by 
SINMAP, ie: Type 1 areas.   On average, about 55% of TSM Class IV area was deemed 
stable by SINMAP.  This varied from just over 40% in Feak, to about 75% in Taylor 
Bight.  The proportion of TSM Class V area deemed stable by SINMAP was somewhat 
lower: on average less than 40% and ranging from just over 50% in Cedar to about 28% 
in Stagoo.   
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Chart 1. Proportion of TSM Class IV and V in agreement with SINMAP
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Chart 2. Proportion of TSM IV and V in agreement with SINMAP IV and V
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Chart 3.  Proportion of SINMAP Class IV and V mapped as stable by TSM
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Chart 3 shows the proportion of area classed as IV or V by SINMAP, but not by TSM, ie: 
Type 2 areas.  Except for Feak, the type 2 areas are much smaller than the type 1 
areas.  On average, less than 20% of the SINMAP Class IV or V polygons were deemed 
stable by TSM.   
 
4.3  Visual Checks 
 
We completed a total of 663 visual checks taken from low-level helicopter traverses over 
SINMAP Class IV and V areas. 
 
Of these 663 checks, 231, or 35% were located above mapped SINMAP Class IV 
terrain.  Within this group, 103 checks, or 45% were confirmed to be Class IV.  A further 
60, or 26% we identified as Class V.  The remaining 67, or 29%, were rated as Class I, II 
or III.  
 
We located 140 checks, or 17% of the total, in SINMAP Class V terrain.  Within this 
group, only 34, or 24% were confirmed in our visual estimation, to be Class V terrain.  A 
larger number, 62 or 44%, we deemed to be Class IV.  A total of 44 visual checks (31%) 
on SINMAP Class V terrain were rated as Class II or III. 
 
Despite our attempt to focus on mapped SINMAP polygons, 201 visual checks (or 20%) 
were established above areas not mapped by SINMAP.  This was due to the difficulty in 
delineating with accuracy SINMAP polygons while flying.  These 201 checks presumably 
were located adjacent to SINMAP polygons, or perhaps in holes in areas otherwise 
mapped.   We also suspect that there is some error in our GPS locations, and in 
addition, our locations are generally located downslope of the point we were visually 
assessing.   
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5.  CONCLUSIONS 
 
This analysis suggests a poor correlation between TSM Level C and SINMAP for the five 
study areas.  Within the sample areas in four of the five drainages, the use of 
conventional Level C TSM yielded substantially more conservative results than SINMAP, 
with much greater area of Class IV and V terrain.  On average, TSM mapped nearly half 
(47.2 %) of the map areas as Class IV or V (including IVR), compared to 34.5% for 
SINMAP.   
 
Pyne Lake was the exception.  Here, SINMAP delineated far more Class IV and V 
terrain (80.5% of map area) than TSM (38%).  SINMAP identified just over one half of 
the area as Class IV, compared to 35.4 % for TSM (including both IV and IVR).  It 
appears that a substantial portion of the SINMAP Class IV terrain consists of long, 
competent bedrock slopes that were mapped as Class II or III by TSM.  Further analysis 
is needed. 
 
The type I error is between 1.04 (Feak Creek) and 25 times (Taylor Bight) higher than 
the Type II error, suggesting that TSM is substantially more conservative than SINMAP. 
 
In an initial analysis of the nature of the terrain in Type I and Type II terrain, it appears 
that SINMAP is less likely to identify terrain units with active processes such as 
landsliding (-R”) or gullying (-V).  Where these features are identified in the TSM 
process, they are usually responsible for an elevated stability class.  This would account 
for a large Type I error, in which TSM Class IV and V are not identified by SINMAP.  Re-
calibrating SINMAP on the basis of upgraded landslide inventories may improve its 
accuracy.  However, we did not find a large inventory of recent events. 
 
Our analysis of helicopter-based visual checks suggests that about 30% of SINMAP 
Class IV and V polygons are not unstable.  This is higher than the Type II error 
calculated in the TSM comparison of 19%.   
 
The SINMAP product in the iteration that was provided to us is not sufficiently accurate 
to warrant use in operational planning or timber supply calculations.  Although we realize 
that Level C TSM is not perfectly accurate, it appears to be a superior product over 
SINMAP, at least with the version and iteration we worked on.  We found that our pre-
typing did not require major revisions in the field.  Accordingly, one cost-effective method 
of extending TSM to large areas would be to conduct air photo-based mapping (Level E) 
over larger areas, then conducting field programs in smaller areas as they fall within 
timber harvesting plans. 
 
Alternatives are to undertake more iterations of SINMAP using the best available 
landslide inventories, then provide further testing.  The TSM products developed in the 
five watersheds in this study will continue to provide useful yardsticks for measuring 
SINMAP accuracy. 
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