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UNITED STATES DEPARTMENT OF AGRICULTURE 
FOREST SERVICE 

Fishlake N.F. 

REPLY TO: 2880 Geologic Services 

SUBJECT: Geologic Survey of Landslide Activity Adjacent 
to the Proposed Mt. Terrill Park Development 

TO: District Ranger, Richfield R.D. 

December 2, 1980 

ABSTRACT: Deposits formed by landslide and periglacial (frost-churn) 
action surround Pony Spring and adjacent slopes. Proposed construction 
for water development at this location could initiate or accelerate 
landslide activity. Potential for landslide movement was investigated 
by examining tree rings from trees scattered across , the slope. Annual 
growth patterns will ShOW the effect of landslide disturbance for trees 
chosen to avoid similar patterns that result from other environmental 
factors. Fourteen of the twenty trees sampled displayed evidence of 
past landslide disturbance. It has occurred as long ago as 1915 and as 
recently as 1979. Landsliding disturbed one or more of these trees in 
every year from 1946-1979. In some years, the disturbance was fairly 
widespread. The potential for man-induced landsliding is extreme. 
Ground disturbance such as excavation and removal of woody vegetation 
should be avoided or restricted to minimal levels and areas being 
affected. 

REPORT: Past levels of landslide activity was evaluated for a slope 
near the head of Nioche Creek. Subdivision of ff' : prl17:ait!f!'1:~'':~~d parcel 
of land at the toe of the slope is proposed. Water for the subdivision 
would be supplied from Pony Spring on adjacent Forest land. Excavation 
and ground disturbance for water collection and transmission has potential 
for initiating or accelerating landslide movement. Field work to evaluate 
this potential was conducted on July 11, August 6, and August 14, 1980 
by Jerry DeGraff and Alan Gallegos. Laboratory analysis of the collected 
data required an additional 8 man-days. 

Extensive landslide and periglacial (frost-churned) deposits mantle the 
slopes in and near Pony Spring (Williams and Hackman, 1971). Sag ponds 
and hummocky terrain are clear evidence of past mass movement. Indi-­
cations of obvious recent movement is absent. Figure 1 shows the lo­
cation of landslide and periglacial deposits on the slbpe above the 
proposed subdivision and around Pony Spring. The slope profile is sug­
gestive of a slope affected by mass movement processes. 

Tree-ring analysis was used to determine past (0-100 years) landslide 
activity. The technique was applied in the commonly accepted maDD~r1 

(Agard, 1979, 1980; Shroder, 1980). Trees exhibiting recurved form were 
samples along the lower slope (Fig. 2). Many sampled trees grew on the 
toe or upper slope of landslide lobes. Twenty trees adjacent to and 



2-

upslope from the proposed subdivision boundary were sampled (Fig. 1). 
This involved a 16.25 acre area. Therefore, sample density was about 
one tree sampled per every 0.8 acre. ~~ny trees were sampled near the 
proposed water development. ~Cores were extracted from near the base 
and at breast height from each tree sampled. Site data was recorded 
(Appendix 1). Care was taken to ensure that environmental conditions 
affecting growth pattern, other than landslide movement, were unlikely 
to have influenced sampled trees. 

Each core was dried, mounted, and sanded into a cross-section for 
analysis. Annual growth rings were measured using a microscope with 
a built-in' measurement scale. The percentage of difference in upslope 
and downslope width for each year was calculated and graphed from these 
measurements (Appendix 2). 

Landslide activity was detected as far back as 1915 and as recently as 
1979. A 35-year period was common ,to all twenty trees. Fourteen trees 
displayed evidence of landslide movement. Figure 3 shows that landslides 
affected sampled trees in every year from 1946-1979. The higher the 
percentage of trees affected in the same year, the more widespread land­
slide activity was at that time. These events represent only the most 
significant landslide disturbance of a sampled tree. The movement had 
to be substantial enough to cause a major growth change pattern in both 
the breast height and base cores for a particular year. 

The slope around Pony Spring was and continues to be modified by the 
mass movement process. This area could be termed a meta-stable slope. 
The threshold for major landslide movement can easily be exceeded. 
Therefore, the potential for man-induced landsliding is considered ex­
treme. Excavation, ground disturbance, and removal of trees would 
likely initiate or accelerate landslide activity. These man-related 
actions should be avoided or restricted to minimal levels and areas being 
affected. 

JEROt·m V. DeGRAFF 
Environmental Geologist 

JVDeGraf f l'Ct1 
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Figure 2. Photographs of HT.P-6 (upper photo) and HTP-7 (lower 
photo). These two trees are representative of the 
twenty sampled for this study. Note the recurve 
form of the trunks. 
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APPENDIX 1 

Site Data for Sampled Trees 
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, ~ Tflt:-~rl~' .....:t~~_-~~).....:e---~~~~O~jP~·-~~~-. --~. --~-~.~ ______ ~Bend:s~~~ IL ~~~~if 
~,.?§~'~~ring/ damage: '·"/1 (') tA e..- '. ':,';.; .. ,.' 
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TREE-RING DATA---MASS MOVEMENTS 
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TREE-RING DATA---MASS MOVEMENTS 
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TREE-RING DATA~--MASS MOVEMENTS 

Specimen number: ___ ~ __ ·'T __ -_~_J--__ CJ~ _________ Date: 
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> .. ~.;...' ..,.,-----



~ ..... ·l .• !;~~N:'· .. ~ ~ - _. ·V---·""'l." - --r -. ---

: ..... . 
."t . r;" .. ~~'-". " 

~ -..... ' 

TREE-RING DATING---MASS MOVEMENT~S' :: ' 
J' ': , }",~ " 

Specimen :_-I-l'1---lo.......T-1--4-J?_·---=-l-=:;3 ___ Da te ; ~ AI)4' fo 1'/980 Co 11 fj(!tor : A J ~ i 'J'v'D 
~ <:::. . . ~. ", 0 .' .•.... ? 0 ~" ·'lJ.l '1 Species: k(lc,defYla nn uQf'{)CP . .. ;~:ti:~~::Height£· .Q " 1 . ~, DBH: .:::J:-. u . ~ \l ." ---+-''-'"------

Til t :_..t...d.::...L.(.L.L) (,.2.,),u..O..1..J5...t....l..l.( b.:.;J/WD;.· ____ \_t:::.....· ___ ~_.,.".. / . .;,....>:::· j;_:i ._ . .,.... • ........,...._Be'~d :---.-,;;5;.;".;. ,. t_N1~&:.,..-...l.e~· ......... .:....;'("p""'-. C-._.z;...V'r.:...-Vi.;...;::e..==.' _____ _ 

.' U 
. Scarring/damage: ___ ' ~f\~D~ODe~. ______ >· · ______ ~.,,"~:: ~>~~~.~~~·_~ ·_"~_· _~ , _·~_" _\_' ~~ __ ' ~:C~T_" _" ~ ____ ~ ______ ~ ____ ~ 
.... • .; .. \ .. : . , ' :, ' ., .. : .,.'. : ::~" i ., : "<.' . ;.::., . ":t!:- ... . : . 
Site location: 01\ -rDe ~. I(\;.)dsh!~ · lob~ Jre.c:~lf9~ · 5 -l~ 
Site de se ri p t ion: Q U 12M L Gl b ' biio lJfq ':~\ g~f\ej:( iM.d M~-hrt It I " t) 
<' :;)p5to~e S,'c\e. J \!l don tik- ;s:knd;;f" ': ';.-' . ... . .. ; ':i;" ' ,. 

': :, . 

:Sample II: 
.;. 

Sample ht: . .'. ': 31 C.rtl (~ 

Direction: 

'0 

- Site description: iT~. 'I..~\' 'e 
--~~~~~~~~~~~~~~~~~~--~~~~~~~--~-4~~~~-------

. Sample II: 

~ ". ". . , ~ _ .~;~~; : - , ;.~ ~~:~~:::" " ~:' :~r;. ~~~ - . ~:: 

Slope : ___ llw;:),-· -:2:;::::...../...:;.·_O _______ Or ie~ta t 'i6ri·:_:'--.:·;,-·<..!a-··5..;....·· -~-i-' -\' b-4-._iJ __ . _______ --.:Dr a inage :--~~~_A_.looI...I-:::.t=_~ 

( -(pose) "'f,;;}Q'~:~ (f l.' "." ..... . ~,L. ___ _ 

Sample ht: {;f( CW\. 

Direction: . G' 41 W -; ... (L.r~ . <""'. (1'"" ~ ) ~ "lltcl ~\:~ '-- ( "'-.. . ~=-"'--------.-=-- -
·c:·, 

&ox 3 -/ " /30'- ;.) ~J,. 



~~ ... - ,._ -- .. .. " ..... , 

TREE-RING DATING---MASS MOVEMENTS < : •• ,~? ~1~\,~f~~···'i~;fl{.'¥~:i' ':::: 
" 'r,', 

Tilt: 

Site 

Samp~e II: 

Slope : __ --=-"'""""----'--''"'-___ Orienfa tfon: •.• ~~.~§ (, VJ 

"":' 2. C {3 if I 
-. '/::~ .',; !.,!§., d ,.'.,' • ' 

.... ~-. ";;, " :=2 C ~11 , [ 

Dra,i';~g~~W,Ge-~" ~, .' ~ 
. " , . ~,4AJ'\h~' 

. ' . ' ~ ~ ~.~ ~ ~ ~ . - '. 

--------
- ~'" 

Sample ht: .'3 q CfV\ 

Direction: N 5St0 ->~Vt\ .' \.~, N 3\5 tV -7 dil ru . 

. "<':"': ~D;X ::!1, ~(:, . ' 



.,,:--~~-~,-.----,.------;t.~.---.- . . .~ 

, ,-
,-:r 7\"~f:":,f'h' .-"',,:. .... r ".:--f ... "')' '70<"!-:.,- " 

TREE-RING DATA---MASS MOVEMENTS 

! " , 
:1.'. 
.i 
:t 

,. :r~. ' 
• ~t.· • • '" 

l """ 

Specimen number :_.....:.·11_1-!;..L~' ·'¥=-e_·'-_f:..-.1~ ___ Date':~1 (SilO ' Collector: r u.QLtrl;ffi, 
...,,-.-

Species: ' ~s ( ' ,o.,lJt'v-...e · , r F(.~ · - Height:_--+-f/",;:_~=" "::;!f-. ..1..t_._' _~DBH: __ ~ __ :,'·_t""_('_C_· QS...;;;·~_· __ 

, r; ~ f-
Til t : , ~~ t),S /" /.) '(_ .. ~ .. . .' Bend : __ =.~ ..... ' .;....I_. '_~. _ . . ~~ . .:..../....;;~_ . .. --'-(_"E'...;;;.......;~~ . ...lO:"'~Y".J.......,;...;._"<~. __ 

: - . I · I I . t 
, Scarring/ damage :_~/,--, ~(-=O~f/,:....:.(_tl..-~ ______________ ~ _______ ~--,-_______ _ 
!"~~:~~( '. .. -

;':~; Site' loca tion: 1 ____ 
--~~~~~~~~~----~~~~--~~~~-'----~~~~~~~-+==~~~~-----

;:Slope : ___ 2_' ,-O=.;.,~%~. _______ ·_··or ien ta t i~n :,_. ,_:" · ....... 1.:-/ _' ' i~~" 1-'_/'; '_' _ _:__ _____ ......-.--pr ainage :--,-~~~-,,---+-...::::...-_ 
~~am~ 1 e 1/: ,,' J I lj/'1 !"I' ) f'ff' 

:.~ ':. . . . ..-' . ,-. / 

'Sample ht .~ , >', '3 b c~ 
.. . r" I ">;"~ 

~ , ~.' 

/ TREE-RING DATA---MASS MOVEMENTS " . 

. -~ :, \.r .. :i'~" : 

-, .:'s·~:~~ni~~ num~:er : __ . .;....M __ t""---l-g.;....· · ~_· -I-i ..-::.«{=-,. _- _. ___ Date :~,.--.-.J,---=-=-~,,--__ Collector : . ~ \)i) j ~ ;~'i)JC"J- ' 
, Sped es:' ". ' ( ", r-k VJ\ "''''- 'A_ ' s: 'Or ',l'(_~- ' , Height: ~l DBH: ' , ''1.'1'/ -',-

Tilt: ' 1.1 p'dl 0 fe,- ~ I Bend:_' ·_~-:-~ l~_" +-'\fF-1-,--.~~·. _··· ....... 't -'"-.e,,--_ c.~'_"",.;;;..-..~_,_ .. _. __ _ 

~,~-S~~rring/ damage: ;- ! /" , i -0._ ~5"'~ r"" 
~ , .... ~.-.. 
. ~ .... . 

. ;.;4~·!' .:t 
.:",::"':' . 

, 
, \A 

. Site Description: __ ~~ __ ~~~~~~~~~~~~ __ -'--~ ____ ~~ __ ~~~~u-~~--=~ ______ __ 
;·; ~j~ v~a' 

1 
.:Slope·: __ -==5:::.-..;..;z..~?:.::.--o ____ ...,--

. Sample 1/: I -b~ 
" , :". 

'. ;'! . ~:A" i.:~· . In G, Cft\ ' : . ~ ' Ii ; ___ _ Sall).ple ht: 

Direction: N' '17- J ~fh!fo . ,...---_' ._. ~ 
<36r3-(~ ~~'. 

--------.--
., ' .. ~ '. ::-" .: 



TREE-RING DATA---MASS MOVEMENTS 

Heigh t :_.....:::~=--0--lI'--t.L.-__ DBH : __ ?~f,--' ..... _e._l...::.· e--,_=:-~ __ 

Specimen numbe4 ,+ MrP-ftj 

Species: [ "'''-\, ' e . \.o.....A-·~'-'...Y'-.-· S' to r-tA. ( ~ 
. J . ",J 

Tilt:~_~~p~,~~~'~o~r_~ _~~~~. ~~~~~u~~.~~~~~~~~~~Bend: .~r-fl~ - r~~ ~~~ ~ 
Scarring/ damage: \A...,~.~...r- l ~. : ~ 

'.(:- .' \11' .. , 
Site location:~~~~~-= __ =.=y~ __ ~· ~=_ =~~c_~~~~~~.~~~~~~~~~~+-~=-____ ~~~~~~ __ ~~~~_ 

Site Description : Ott\. ~i?f~ ~iJt It,t,,-)~/l\de..· 
--~~~~~~--~. ~---.~~~~~~~)~. --~~--~--~------~-+~~~~~---

t.A.OS(~~ 
n I I 1 .. i d ~;';~. \ f.Vf·fl - J~\IIAe-~ 

Slope: ~ 010 Orientation :~~/ ..:.....""". _~O -=_~V.J __ ....:..-~~· .. Orainage: CO~,,-Jt'\I. ~t('~ 
---"-'-'--='-'--"~~--~-------- " .. ' . ': I 

Sample 1/: 

.Sample ht: 3q c~ 

Direction: .. ·:JJ1s1Ju.)~ i·~('~ . 
60~ ;; '"'rl 

-:' ~-'-'~: :~~~~2~:=.: ~---__ . __ ' ,_. __ ._ 
a I. ; .. ~ 

,TREE-RING DATA---MASS MOVEMENTS 

2.,( l3t-i) 

.' . . . 

" C~llec tor: \f \J () +- Ar6. 

Slope ': Orienta tion:' . S: Orainage: I ueRP- Anttb..J 
2W® .-, ~~~ Sample 1/: 

Sample ht: 

Direction: 

. , ..... .:!~ 

l 

' I (&.~p) 

S 3cm· 

.. ~.- '0 ........ ' ... f ... 

. . 

qo Cfv\ 

N ~£6 W 

/2 6'1 3 - It! : 



APPENDIX 2 

Tree-ring Measurements and Graphs 



MIP / 1/1 
UPSLOPE DOWNSLOPE 

,. '~ -
I RAT O"S 

YEAR WIDTH mm PATTERN OTHER WIDTH m'~ PATTERN OTHER ANNUAL MEAN 
I ~6'iO I""""'" - ..e-

1q '2 , D 2 , 3 Ll7 
7g1 I I '7 .. 2 , 5 4D 
1 7 II ? 2,5 4D 
7t, 2.1 0 '1..,7 43 

tCi 76 2 , () '3,3 :3.55 
1tf 2 ~ - I ..:; 3,3 41 
13 2 ,S '. ·2.,5 50 
?Z 2/3 \. t~ 1 sg-
-71 '2 ? f J ' " . } If) 70 

1410 ;;,D 0, S 't(P 
h1 3,J I .,~. 

! - ,r' 
I ~ ! 

'~'!"1. !f!. rtf\!1 72-
08 ! 3/ 0 I! () ~ ~ 75 
101 2 It ) f t (), ~1 I 7>1 :-~ (~( (f'\t'\ '" ~ i .. : I 

~0 Zt3 -' , (£1 ,;7 77 
1'1 ~5 t<~ () 

I () , 7 ., ~ f ) I ~ 

t LI 3 ,() r I ,() 75 
~3 '3 ,0 'I () 75 
~ r? ~/.- ;3 I (), }j 6 · t,7 
~f :2 , 3 .' 

I 

1, f'7 
I ~ .. ' , f-1li,,;t" r1f;C\ 5't 

rtf lel) I , '7 12.,1 '/' .. ( ; ,'J ." ~o. 
(.51 1 r 5 ).( 1, '7 3~ 
5 X'; )'.7 f { . I'l~ , .. ~ ~t '(' c< BID ~.~ 
57 '/ ,f) '-' ''2, :3 y.'" 

·5 0 ;2,0 2 ·i"5 4_'1 
/qSS J ,S 3 ,() '33 

.. r:;t..f 1,3 4,0 2 S 
53 , I,!; 315 30 
(::;"2 lr5 . '~ 31 .2 ,0 '- . 

- Sf ) .r () J2,() 33 
)46Q / ,0 : 2 15 21 

Ijq J, 5 1'2 ,r: ' . 

3~ r <4 f ;.....,J 

i.ff;' 1;3 2, ·r; '31-/ 
47 1 t 3 ·2, /) 

i 

3 CJ 
tfb 1r S ':JI.. t5 3~ 

Iql(6 1,1 12 , 7 '3'1 
7/.{ 2 C 

I) :2 1{) G~ 
'-13 " ,C; il ,1 47 
42- I tS 2( '5 38' 

~ LI{ t1- , /) ~/b 3~ 
Iql(O /)r7 2 , f) Z~ 

... f 
.. J .. _ - - - -_ .. -- --_ .... ._- ..' -'":' -.~ . 

I 



UPSLOPE o O\ffN S LO PE 
~ 

.. ,-.. I RAT O"S 
f YEAR WIDTH mm PATTERN OTHER WIDTH mm PATTERN OTHER ANNUAL MEAN 

~a. l ,z 2 , ,) -.J 3 0 , J 

3D J f ( ) 71 0 S() 
)1 s I, J I tO 51 
3& / r () f t 0 50 

14 35 , .I ~) ('I 
)'-/./ :; r O( .1, /., ) t D 50 ." 

3~j 0, r L - [ , I) '11 \ I t_" 
.33 n. c;-::: 

/ ) J : . : 60 -" 

32 ~ ! r :: o .::,!. 50 ...) -

,3 1 .~-- - -I 

I cf 30 
2 0. 
28"- ~ II 

~-r ~ ~ 
:2 //,1 

i 

;4'25 
;2if 
23 ~ 
J--2 
·'21 ;0: 

1£121) ! 

,er 
iY- ... 

1'7 
I (v-

iq :'6 
li~ 

_. 

J3 
JZ I 

Jf 
(117) 

Iv/), ' / 

flY , 
/\ ~l r 

( )0 .~ 

i r..{,1'\ c. 
. -......,J f 

I 

.' 

j .. :-



UPSLOPE DOWNSLOPE 
-. . ~ 

~ 

RAT O'S 
YEAR WIDTH mm PATTERN OTHER WIDTH mm PATTERN OTHER ANNUAL MEAN 

i'~ X~ () - - -
7q Z 'O 7l 'O 57 
78\ ~ 

Z"D l iS, S7 ! 

'71 1,5 I (S sa 
'7(;; LI l ,S 5 3 

I CJ 1 5 2- , () / , S 5 -, 
7L1 2 1'7 Tl 5 (p I-{ 

~ 7'8 ~ '2:/ 115 (pt-j 
72 2 , 3 1,0 -;0 
71 2 , () I ,D 7 {) 

i t"f 
I ' 7() 2,5 /1 0 7/ 

? q' " 

2:. , 5 
, 

) 15 ~ I "3 
??' ~ 2 , 5 / , 7 !.o () 
07 117 2 ,() ~ '-I f;., 

1:-0- p. J ;0 } 13 '-/3 
iLl' (" S ~ ?- 15 1.7 !o () 

GLf ~ 2, 5 'I , I 6 () 
t.3 2 1/) }! S t:: ~7 (,;;. 
/.. ~l 
L.~- 2 . ~ 1 I 3 ~4 
(~ ,. p. ~ .() J I ~ 7 0 

>~' (0 . .r) ~ 2 , S 
: I I '5 '~ (/) ,0 

51 /.7 J 

-·1 .. 5 Q' ~ I 
5 (( J , -; J,'] f.5 t ; 
57 "Z.. l f) 2 : () ~5 () 
S /A 2. 10 2, 0 50 

; .: i ..- ,." .z ")" 7,, '3 .- SO ~)J _ I .....,.. 
5tj P. ! 7 J I 

-, S() 
r" '~ U ! ~ .-/ ~/ -1 aCf c> ...... ,..-1 

c'2 L 
J 17 2 ,7 ~ q v - r 

Sf 2, -; / 15 I' I j 
( -:' ~! 

I ct So ~ 2, r, J 17 LS Lf ' ,d ..! 

lj1 ~ J - , 2\ 5 LIO I I • 
, ~ 

4'-{ J ,7 F-(, .. J (r. , .. 2. '3 
.. 

LI 3 t',....) ~ . fr-: :i • 

i{ 7 . ~ 7, r ) '--" 2 / ?, '-' 47 J 

l{ (1 ~ , ~ '2 , --", 52-- ' 

;q 1-/ S I 2 "7~ 
I '-' 

2 ,0 5" .-, ,.=; 

?It.{ '2 r ( ) 2 ,0 5 0 
L./3 M 

,,-; "'" <) '0) S() ..... "::- , " ~ .t- ~ 

I : ,..., 
Yf..:: i,! ) , -; 56 
Ii' 

-11 -- ...-- -
" -1 ;..; ;') I 

II I ~ 



f/JTP-I 

i ~ 
1900 1925 1950~ ~ i 

U% 9: E!E 
1975 

10(~~~~~I~~~~~MM~~~~~~~TT~rn~~+T~rr~n;~~·~~·~·~·~~~~rr~~~TT~rr~~ 
l---t--<H-i--t-+-+++t--H-t-HH-t-t-+-t-++-t-t-HH-i-t-+ +-+-1-+-+- ~- +-- - f-4--+-+++-I-+++.++-+-+-+--+-+ f-+ -+-+-·I-HI-+ +-I-+-if--H·-+-+-+-+-~-+-+--I-+-i·-+--t-++-+ +--,+-+- !f-+-I--t·+-t-+-+--+--jH 

' I- H ---f--- - I--+++ +-t-t-H-+-t-+++ I- - . r--I-- - -+;--++-i-+ 

'5", ~ "\ ri (fi" +- 5 (f t-+-H-+++-+-+-+-I-++++-t-I--i-H-i ·+++-+-HH--t-+++-t-H"'-+-+++++~-I-+-t-t++-H-+-t-t-+l·-i-+I--i-t-+-+++-H-+-t-++++-H-+-t-+-+-+++-l--·H-+-+-I--t-H>-t--t-+-++-t-H-+-I 
' E.I +..... ,-+.~-t-t- .t-+-+ - '-' 1- -t-l-t-+...Jf-+-II--t-t-t-t·+-+-+-+-+-+++·+-+ .' _" e." -' f-- - r- f-. -- -l-+-1i-+-I--++-+-+·t--t-1H· r- - 1-- 1--- - .. 

r- - . -- ' '--i-r- - - f -- --+--+' -f-~-1-t--I - r- ' I- I- -
Cru~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

10Clh~~~~MM~~~~~~~TT+rrr~~~~rrrM~~~~rr~~~TT~~rMrr~~~+rrr~nt~~~IIInn 
f-H-- - + t-H-le-f-I-- -- 1---1-1- - H -' - 1+-H -+t-H-H-iH-t-t-+-+++t-1 

+~f-+l-t-+H'1H-i;-+--~+f-~-+-f-t-t-+-++++-+-H-HHI--t' r- - r- -
-I+++++++t-t-·H- H- -I- -I-+-1~+-i--1;+' - ._ f--. -- - ' f-- - - ' 1- ; i- -- 1--1- - -- - f-r- .++_ .. 

,..- c- --+-++++t-+-t-I- -HH-I-t-+-+++t-H-I--+ t-t-i-lf-H-++-H--+++t-·, -I- t-t-I 
r- -++++,H-I--t-+-++++++-t+.,f-H-t-+ - -- -. r-I- ' 

1-+--1f--f-t-t-+-I-t --+-+-+-+--+-+-lr-t--l· - f- - . - ,- - f-­
(~~~~~~~uu~~~~~~uu~~~~~~~~~~~~~~~~~~~~~~~~~~ 

10~l~~~rrMrl~~TTrrrrnn~lT~rrInnt~T+lrrrrn~~TTrrrrrrl~TT~~MhMM~~~~~~~~~~~~~ 
- :. H - -+-+-~-+-t-+--lr-t--l--++--+-f--,f-H--+-+'-+-±-++-Hf--f-t--++-!-+t-t--+ 1>-+ +-I-t-+-+-t--t-1H 

f--f-- -1-+H-i;--I--t+-i--1-+-t-t-++ t-t-H-If-H-I--t-H '++-++++++-I +-I--f-I--t--t- -t--t--'H--!H-+-+-++-+--I-+--t--I-t--t--+~. ~:, i .. d--tt-,'h-~ .. + +f--Hf-t-I-+I..,.H-++++++-++H- i-r- -t--t--f-+-I-I 

. I ' :1\_ 

- -t+HHf-t-j-+-t--1-+-+-r-l++~++-t-1--t-l-~Hf~'-+-I'~ 

(~~"--'--'''''''''''~~''''''''''''..&....1-.L..J.--~-:''r-I-'-I+ ..... +-..... ' ~!::.+::..I~~.!:~~~;:!:::'4-+' ,--r-~-~.:1"~.1""- 1"'...I.~H .... -+ ..... -+ ..... +~- ..I....--..I....f--~;:.t-l-~+-,--,IL......L-I-j-t-,t:.~'::t:1~.1~~~-.t~.!-I--+J...+J...-+-""'+-L;t--WHL..J'-I..-J.~-+...I.- I-..J.....J..f-L.--..l.-..l.--.t.t~.c2t2J...-+J...+L-+,-+-J"J--wj 

37 

9 

(8t .({ •. (" ," i " iV,'", .. ". 

_A- " 
.... t ' _ \ I~ " • .1 .. :; 

: ~ 

,1...1' f'. · :· · .. V 
~) 



YEAR 
11 ~ O 

71 
78 s 
77 
76 

let 75 I 

11{ 
73 
7Z 

UPSLOPE 

\NIDTH mm PATTERN OTHER 

'/ D ['5 
1,5 
J ,5 
2. ,0 
~ l O 
2:7 
2. i -; 

2. , 3 

DOWNSLOPE 

WIDTH mm PATTERN OTHER 

Jff) 
I "'-J 

I ! 

-. -
RAT O"S 

ANNUAL MEAN 

SD 
J17 

'0 I () V'Y ! ( ,! ,1 .tt 7 

I f J , () 

Ie{ 10 3,3 
~~~~------~-----~--------I·r-~:~~~I(~! -t----------+--------~-~5S~2.0~~-----

3,/) 
~q .~ ~(O 

--' 

tz~ ~ 3 ,0 
&7 ~ ,{) 

<oJ 

ft,~ 3 )S 
I Cf ~5 2 ,t] 

04 ~ I f 7 
~3 J 1-; 
6Z 2. ,f) 47 
~ .1 Po Z,() 1-., 3 47 

Iq 00 ~ 1'7 . I , t/3 
SC{ z , ;~ 48' 
5~ 2 , S 50 
57 2 ,0 50 
0& 2..,/,) 

I q~ r-[ J.:) 2 ,/"; 2,5 
54 'LI ( ) 

S..j 
\ 

2 · /) 
5D 
47 -52 Ir f 

51 / ,0 
l1 50 I l () 33 

tf1 t If :3 
t,/~ ·f I r :3 
47 .~ I 1 C' 

\"".;' 43 
~~ ! j 

~ ~~ , 

'" : ~ 
I 

i l ;' 

r~ "kS ) ! /) 
, ...-; 

/ I :; 

Jltf 2 _1/) 57 
I/;'~ I ,; : 
, ....r ! J i 5 0 

1'2-'1 J.tC 
J ' I .:..1 ! 1 -7 

/ q t{() J I 
,......, 

. ) I,() 57 

i i 



YEAR 
" ) r ) 

,., ' 7 

31...J 
3(" 

UPSLOPE 

WIDTH mm PATTERN OTHER 

2,0 

MTP-2j/ 

DOWNSLOPE 

WiDTH mm PATTERN 
I C 
I .~...) 

2., () 

OTHER 
RAT O'''S 

ANNUAL MEAN I 
.. , 

50 
5(J 

'-3Y. 1----I----l,-----+---~---_4_---~--.!__­
~~~~\~~. ~------r-----~--------~-------+----------~----~, .--------~I----.-

-=<?~ 
~) I 

C ,I I 

~~~~--------~--~~-------_r------+_-------~-------~r~---~---f ' ~ ... ,;. (; 
• t ••• • .... 

~ ,u 1~---.;..2~6_' -t-- ----I--------+------:i-n - ___ l-____ ~-----!ti---__+_---
2'( I ~ 

JC1 ;L~ 
t . ...",.. 

1.4 

2f 

} 9;' 
17 

Ii 15 
14-
I ,-:' .3 
12 
I ( 

/") '7 '., 

03 
~~6~2~~---------~-------~---------;~--.-.--------~------~----~---vI 

.I (1 '~.'"/.) 
f I C.I\, 



UPSLOPE 
~ 

f 

YEAR WIDTH mm PATTERN OTHER 
, 1 . /1 

( I f) 
,I I I c::. 

--' 

" ! 
I 7 ! 

I / c.. I ) 

- :? f 
/ ) 

" -~ 

i I i ", . ~ 

2<0 ~ ,-, .. .' , 
" / ' '} I 

/. ' i ) 

! . f ,/ ~f /:.:=: 
! 

Y 'I :)) ".. 

'U <~ <"",i 
II 

-" - -:) ' , " , 1 ...-,' -
//'y \..,l ~ '3 t (') } 

<:' , l.} 10 I 

/ I j -- .(it i:-:;r f t-': ':; 1 " , ... >- , ,- f , 
--" 

, '/ - :J . ~ ," ... I j :"1 '.. 

.. , 
~ -;l , 3 I ... ~ , 

" 
, 2,3 -2-, 3 

-'I 
I 

P. 2. 1 () -rx 1~ 
. .' .j ) ~ /1 7 

. . ..... ..... ,r 

2 , D 
-.... 2 , 0 , --

........ . ... '!' 

2 13 " .-
" <~ ,e) 

I 2, ~S 
" 2,(j 

\ " or;: 115 , ~~ ' r ,I 
r: '. /17 
'-

) 115 
I ,.- .. .. I I '5 " 

) 

11 I L.-/ , () 
J I 

I \: l'/ f~( I" " i~ ," : 

/ ~ (i I ....,; '1 , a i ' ',-
L(( ~ ! " , ' , 

V 

t{c. -
/1 LiC ! 

J-I :/ ~ 

if! ~ 
! i ~~. 
i-( / 

:0. 
!. I LI) :' i 

: I 

DO'NNSLOPE 

WiDTHmm PATTERN OTHER 

) ,0 
I I ,:~. 

..I 

/, 7 
} I s: 
2,0 
I , -; 
2 , () 
21 5 
'2, 0 
2. C 

-..J 

3, 6 
:3,5 
S .D 
'3,D 
LJI 3 (! f 

~i 5c ""''I'ta 
Q <" ..... ' .;:) ~ 

2,5 
2 (.5 
2/7 
2 , 7 
'2, 5 
21 5 ~ 

3,:) 
2, 1 
3, '3 
"3 I () 

3 , 0 
-2 ,-7 

3 , 5 
-' } r) L I ; 

2, ~ c!t!)"i.-r"'Y\{d 
3 ,7 -0 f:.e ,. , '() t:l 

/ ::-: ..J 

f· " 

i ,3 

-

I 

Ii 

f 

• 

R A 

,I 

-, i n 
.,:~l /.rl' 

) ~ 

i 

' ....... 
T O',S 

ANNUAL MEAN 

60 
56 
50 
50 
50 
50 
S3 
6() 
so 
4'-f 
'-15 
41 
r:SC~ 

57 
5/ 
4'-1 
'-IF' 
tjg, 
'-I~ 
i,.J 3 
1./6 
"IL! 
3~ 

'1' 
48 
'-15 
46 
3t, 
33 
'-/3 
31 
52 
50 
50 
-



1900 
U% 

1925 1950 ~ 
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/YlTP-2-

1975 
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UPSLOPE DOWNSLOPE 

~ I .-RAT O'S 
1 YEAR \NIDTH mm PATTERN OTHER VJiDTH mm PATTERN OTHER ANNUAL MEAN 

1t1 y) () - -
74 Z c::. / ,.J 117 ~O 
7? s 2 , 3 Z ,t) 53 
77 2,3 2. 10 5~ 

7' 2/ 3 L , O 53 
jq 75 2 ,5 2 1'S 5D 

7 Jf ~ 2, 7 2,7 50 
7~ . ) 2 :5 2,5 50 
72- 2 -; 

' , J ~13 50 
I f -2 1 3 2,'3 50 

,q 70 ~ ;2., 7 
Ii 

2,S 62-
c.,q 315 '0,7 Ii tier 
fog ~ 2,5 3 I () ~ 45 
&7 3 1 0 2.,7 r 

83 
(P0 5, 6 

/ ".,!: I 

~ i'5 ~ v"i,..,." '-I,D .\!abe.. ril'\ll. 5~ 
14 8, 5 8 !I') I '-' 3 () ~ 56 

~ .~ 
1 Zt $ .J.:~/5~ J..-/t · ... -., - 3,0 4S 

~3 
/ - 2,7 3r< .O 53 

I,Z 3 ,0 2.D t:,O ,r 
101 p. 3 ,0 1,7 -C, 15~ Y/Y1 ·~ t. 4 

lq &0 3, 3 2,7 ../ 55 
oct '2 1'3 J ,n .. 43 
~ 2 1 () 3 ,0 ~D 
51 /1 7 2-,0 4 fo 
6~ 2 ,0 2 ,5 44 

(q .. s.r::: 21? 3, '~ 
~. 

i1 / 
S4 3dJ 3;5 ti t, 
63 r 2 , S :3 , 3 /../ 3 I 

52 ! IS -cr '5<' Y'il1 Cl 'ZIS 3 8) 
5' I, '3 

• • J 2,3 3~ 

J~ J,3 2,5 3)?1 

2. ,0 2,5 tf ~ 
i.[)f r J ,5 '2,3 3Cf 
~1 .~ II ~ Of 

..!: ... ;t $r~ y ,!' r '1 2.5 D, {,s , .• r;~ 0>') a t( 
u,b 117 

...-' '2-, --7 -..-I 3q 
jq 15 /,s -t~ f ~t. n' rc~ 3 , 3 31 

tJ~{ /,5 
J 2 -7 3~ I l 

43 J I () 2.,3 3D 
~2 ! 10 2 ,() 33 
Lil I , a I /17 2>7 

r1 tfD I 6 ,5 / ' S 2.6 
I 
t 

I W " 



UPSLOPE DOWNSLOPE 
. r .. ,....-: 

RAT O·'S 
YEAR WIDTH mm PATTERN OTHER WiDTH mm PATTERN OTHER ANNUAL MEAN 

31 D,S Z, () davl< er.!~ d, ZD 
3Xt Ot 7 2 ,D 2b 
31 ! 0,1 2 1 () Z-(P 
3~ () {1 / ,3 35 

t135 J 1 () / , ?J '-13 
34 I(Q 2/l) 3q 
'33 ~ J , -; ~ ,< 53 I -.J 

32 " LID ') J '3 43 
31 - - -

)q 36 I 21 ~ 
1. ~ ! i I 
2] ~ 
2.b 

i 

to 25 

~ 
1 

p, 

<4 

--

, 
II 

~ 
t 
I 

~ 
~ 

~ 

i 

I 



UPSLOPE DOV1NSLOPE 

~ YEAR I WIDTH mm PATTERN OTHER VJIDTH mm PATTERN 
~ RATO~S 

OTHER !ANNUAL MEAN 

2 t ~ J. 5 /" I 
7R ; 
77 

,lfl 7S ~ 2, 5 7,5 t,l 
7/J ~-Z~7-1f---i:-----i1~7r--7=---+----+---~!--':~:::"{~-~I---

!~~7~3-· ~~--2~:57--r------r-'------~~~7r:~-'7--~------~----~;~Z~o~' --~----

~!~~-~~~-)~~~2~~ ~:~~~ ---'-------~-------Ir-z~2~))g~-l-------+------~'~~~~--~---
1~~~G~i~~,.~3_,3~_11. _______ +-______ ~~I~Z~15~_~ ____ ~. ______ ~I,I ___ 5_7 ___ ~ __ 
~,~t~~~~·~~~ .. __ ~3~/ ~D __ ~ ____ -r ________ ~~~~2~1~3 ___ ~ ______ ~ ______ I~ __ 5~1 __ ~ ___ 

~Z ~: ~ (?~ 15~ ~!M! ;,'i G'~( n~ '\ ~ . ~t 

~2 ~~I ~3~,~D~_rl ______ +-____ ~~~JI_3~_~ _______ +-____ ~~7~D~~ __ ~ 
bi p.~, ~Z~,~f ___ ! _____ -+ _______ ~_~J/~3~~ ______ +-____ ~1~~~~~~~ __ .~ __ 

! (, f /" () ~ -:3 I 0 '2., 3 n s 7 

2 ,$ 2-,3 5 2... 

5Y 
Z,7 YX 'A.)d "/ 48' 

1, 1 
4-q ! 

2 ,3 

1'l L! S 2,7 I 

2.. 0 - -
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f/lTP - i/I 

u p S L 0 P E D o 'j\J N S LO PE 

~ 
-~ I RAT O"S 

YEAR 'NIDTH mm PATTERN OTHER VJIDTH mm PATTERN OTHER ANNUAL MEAN 

11 t'O - -- i 
7(1 315 (3,5 5 0 
7K tJ IS '2 1 .. 

5 5 s .; r 

77 5 ,D I 3,3 0 0 
7' 5, 0 3,5 SCf ,q 75 1115 ',3,3 5~ 
7/-/ ~ '1 .3 3-,7 I ,~ l1 b 

~ 73 

" 
3. 5 ~ '113 Lj5 

i 

3, 0 '3,5 I-} h 72-
I f 215 3,0 LJ5 

I cr 7D 2,7 4,0 b/ D 
~Cf ~--.-3 11 I ~ -q,7 

I L-! '-I 
t " .~. 

~ '3{3 lj,o ~ LiS .~ '?s' 

1.,1 'j,Q L-f,6 ~ Jj3 
t,~ t-.) ,0 L~ Isf'. r i r:';' 2,3 ~ ~3 

;11 t,,6 -g,0 '-" 217 S3 
~t1 ~ 3 ,6 2,3 tS , 
63 3 ,0 z,Q h /" 

-< 
.. .I 

?,2. 3 ; 3 2,0 ?:,2... 
(~i ~ 215 1.,0 .~ ~ 

o~ 

! (I (~f) ~ 2,3 ) , 7 5 ~ 
<d ~ ·2 ,D 2.. ,0 .. So ....,; .i 

S~ '2. ,f) 3 ,/ 35 
C:"'" ~f I, '3 '3 1() 30 
5~ 1, 3 /,3 SC) 

1'1 S5 ~ J ,~ 1,3 .. ~ /) L/ 
5Y 2,D 2. ,0 50 
53 fl 2 1-7 ~ /() '-I '7 
52 ----1 17 '3 ,3 34 
51 t l tD }, '( I 37 

/15() ~ I, D /1 5 '-If) 
4'1 I ('5 /15 

l 

5 0 , 
I 

/1/ '-I )( ~ 1,3 1.1 '3 
~I-! ~ J ,D '2 , 6 33 
w,'- n 1\3 1,5 4h 

j"1 4 6 ~ it S I 2 ,Q 43 
L-! Ll ~ I !Q 1,0 5 0 
Ii) r / f 5 'I,D ~() 
i~ 2 q,D C~ fs-c ( 1(1('.\ ~,6 e lse r / f!Oj 44 

\ : ~ 

I Z ( S 
~-'\ ./ 

2,5 ~ (S~ rrflq 50 ..... , .i.:-c~ t'5 -f! Y ),\n., ' . 
i :1 U [) I {7 -.../ 

/15 
...J 5 3 ~ , ; 

~ I i 
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fliT p- '-1/1 
UPSLOPE DO\NNSLOPE 

-.. -
RAT O··S 

YEAR 'NIDTH mm PATTERN OTHE~R VJIDTH mm PATTERN OTHER ANNUAL MEAN 

r;yq ~,3 {~ i'5~ lr:r~C~ 2,/) , 
+~15~ r t'f'l'1 I 53 

39 !~ 1 1 ....I ,0 ,../ 

41 
37 s II ~ I. S t-./ & 
3h I! 

., 15 L{/p 
'9a5 I · () .0 5(y 

~~ fl. 
, ,S ).5 50 ,., .... ~ 

~ 0, 5 
) 

O.S I ;:'j 50 
~ ,., 
'/ Vi ....... 

" 
- - -

'31 ~ I , -

I a ?/' I . ! ..., .) 

2~r 

2>-; 
,. 

I ~ . . .. ;1 

2 -, ~ ~ ~ 
~-~ I I 

~ 

.'" 2.s , 
i ' : 

2.1.! I 
23 ~ 
22 
2-1 -I . 

Iq 26 
! 

V~ ~ I 
;'?, .. 

'''7 
j ,-
I," I 

I~ 
I ,~ 
~ 

ILl 
, ~ 

.-
13 ! 
t'; jl I~ 

H 
-. 

)q ! t) 
'"\ ,) ~ .- " 

I 

()\.:.' t 
f 

o ~i r 
6(" 

.~ 

! q 65 1 
(II! I 

""/ i 

0 0

; I 

~) ~.:~ ~ ~ 
DI I 

I '7 Or) ~ ~ 

I 
:I I • .' 



MTP-1jZ 

UPSLOPE DO'f/NSLOPE 
~ 

J. RAT 
.-

O"S 
I 

YEAR WIDTH mm PATTERN OTHER VJiDTH mm PATTERN OTHER I ANNUAL MEAN 

r ~ '(.i 0 -- -- i -
7° '3 ,2> 3 ,3 ,5(: 
7 R 3r7 3 ' ::, ~ 

53 ! 

77 3 ,3 I tll3 5 9 
7~ 3,5 8 ',(1 8'-1 

j ,,! 7 C ~ J..j ,o '. '3 ',D 6 '7 . ...., 

7 l ! ~ 3,5 
, 

3,0 " .. 

5'-/ I 
7~;)· 

" 
3,5 :3. 3 5 ! ' 'J 

I. 

~ , o '2 , 7 I 53 72 ~ 
-! ! 1,2 

.... 
'lt 7 50 I I (t 7 i) ~ 2 15 I ~ 3,5 i..{'Z. 

~Cf ~ 3, 5 I ~ ~11 I! 4 :3 
?9 r, 9, 0 l y, '3 ~ '-I { ~ :.' 

(,,1 6.() L.f, '5 4D 
i::b ,/) , 5 .~. 

,. ", . .-. ... /,~ i 4'6' 5,i) ! • .<'1\~~ (' I' r'~\ I ~ ~~ b~~ !f'if:>!l 
1 ....; J l ;(1 bS ~ ? 1(2 3 , () 56 

~'1 ~ 2. . 5 I z. ~1 tf 8~ 
I 

03 2, 3 2 ,5 4'Z 
I ~ 
~t:.... 

I 2,'S 2 , 3 ./32-
(~ i 2, () 2, (.) 60 

If'{ I ~ . I~ () ~ I.] I, I SD 
SCi 1,7 J,7 

-. 
~ 5 0 

.5~ I, S ' 2. , 3 -rx J(j d 3 q 
~..., 1;.5 . ' t t :3 ., 5 4 L ..... I 

~! -....; ."" 2.3 'l r'7 (5 y. 
ICi S5 ~ 2, c:.. r" '-AJd. ~ . 3 ,~ 3' 7 v . --.~ 

54 3 , 0 , " -I !~ ) .'J a 0 r)( LUd 56 ~ . 

I 53 !l -z , "''';.. I , '3 ;:., '-I -_ ...... 
2.l5 t , '3 6~ :;.r.: 

5 i ~ I, "3 Ji,t) I 25 
jCJ Sf) ~ J; . D a (5 (' (','V"~, 3 . "1 f~·~ 15 r \/' i l ' . " l-J5 f 

4q , 
~! D r ' l ..I :\Nj . J; ; " I 

'1 '6' I ....... ~ .5 C. ( i 'li 1'1 '3 , ~A ~ ~)c f '-T"' ~ 
I 

-C !1, (s e 
- I. r ~[~~ ! .. ~~ ( '-fv f 2 , 6 n ' I"!C\. 7 r-.' ' (! t"~: too _. 

i-I ~i ~ 2.tS 
-...J 

.I, ~ 
., 

tor; 
Wt.. r-~. () ~t1ls C r l'nt") o· 3 r' { ;t (<:}-:' " , ... ~ 4 >1 

I~ '-I' '0 
[ 

2, 0 I 10 -.-J' 0'7 
l·14 J • 3 1, ~ 60 
L{:-

.,-
z lD 2,""3 47 ~ 

~2 - - ~ 

~-i i ~ .. 
1 01 :..ft> II I i 

;1 I I . ' 
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(~-L--~'-~-~r~+_iL--~t~+_-L~t~~~~-L~~~~~~~~-L-~' -~-~~~- ~-~~~~~~~~_-~--~- ~-~-~- _-~~~~r~- _-~-~' _-~~'~-~-~~~f~--~I-~~~-t1~ttj~~~j'~t1~ttj=t1j~r1~~-1~-~-i~-~f--,-
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?f{c (~~ t:L~- ) 
o 

5 -U.->-(>/'" t;-

/t1 7(.; 



u p S L 0 P E D o '}J N S LO P E 

~ 
n I RAT 

. . -
O'S 

· YEAR \NIDTH mm PATTERN OTHER VJIDTH mm PATTERN OTHER I AN~JUAL MEAN 
Ii 

I Cj tl () - - -
7/j {f 3 La 57 
-J';"~ 
: f- 5 1,0 6/7 ~ 5CJ 
71 /1 () I () < .>..1 o 7 
7~ J I 3 }, r;;... so ...) 

! q' 7S ~ 1,3 I '";0 ~ So ,..) 

7 l ! ~ 1,5 , If S SO I 
-,J'~. 

" 
J 15 ~ }r5 50 

I 
) '-" 

i 

/.3 I 1,5 
I 

q~ 72 
-[ f ) ~ I I 1,7 '13 I ' v' 

i ,-or 7() ~ !15 1,-; 47 
~Cf ~ 2,0 I ~ 2 ') '-17 I 

r':> II 
t~~ ~ j I "3 /.7 ~ 43 

J t,1 0,7 ~ l,S ~ 32-
~~ ; (2r5 ~ (),s 50 ~ 

it! 66 ~ 0 , 5 I /' ?J I z?' 
~'1 ~ 0.7 i /t3 3S 
03 l.D ltD 66 
~ 2. I /10 , ~O Sf) 
r.~ i i (),7 J 16 '11 ~ 

;q ~r) ~ 0,7 I 1,3 " 3S 
;".j 

()~7 1·5 ~ 32 vi • 

5~ ),0 2,5 I 2q ~ l~) d 

,-51 Of 7 ~ 2,3 ,- '<., '.11 1- 23 
t 

5(, 6 c:. 
J ........ )J) 33 

'C1 55 ~ ) ,V ,; () .. ~ 56 
-Ii 0, i,O ,.3 '-13 
53 A 6,1 1.3 I 35 
-,. ... 

1.0 1.5 ~ 4D :; .(~ 

~ I ~ I J () 1,3 , '-13 ....... I 

la ~() 
I v ... , ~ 1,3 1.5 4~ 

I{ (~1 I 
'10 ,.5 ~ tf() , 

I'V "1 0\ r /' () 1.5 rX. \.A} d. '-16 
L{-i .~ /, D 1,3 '-/3 

~ !J I .~ /10 L6 SD ' . ~ 

, :,i W5 '1 1\ :3 
I 

113 so I ~ 
L-Iq ofl I,D LJ I 
L{:7 f 0.7 ,. () Ltl ~ 
, ~ ....--

I ,0 J.7 37 :.1 ... ..: 

i ' J 

~ I,D 2..3 3D -t ;, . ; 
i '1 ;~f () II J! 0 --2.1 rx UJrL 27 It 

~ I I ... .. ~. 



UPSLOPE DO'NNSLOPE 
•. ,...-.... 

i ~ RAT O"S 
YEAR \NIDTH mm PATTERN OTHER VJiDTH mm PATTERN OTHER I ANNUAL MEAN 

3q 0,7 /IS r"l-, tVA 32-
39 o c.. I .J I t 5 ,~ :2.5 
37 . O,S 

" D 
33 ! 

3b I 0,5 I, '3 J 2.~ 
,q 35 () }7 I. () ~ j tAJ ct . i-II 

3Ll ~ 0 1 5 'lo 33 
"'1.,,; .~ 0, 5 ~ /,3 2g ;;;j 
..,. " 
...;,(.. ~ D~S ~- J.7 r'~ '\,AJrl ~ '23 

i 

'3) r1 t5 I i ,10 ( t-i · ~~ .. . 33 
I a '~/'r I 6 ,S 

I ~ i It3 , 2~ ! ....... \./ 

2~f o ,i5 ~ , 17 rx ~ud 23 
1.1.:- r j \ S I ~ 1,3 ~ z.~ ·1 

'J "1 ~ 0, 3 ~ LD ~ 23 ..... 
/I / ~ tJ!S I (-5 

tAl <L I 25 /.._-'J 

; :"{ "? ( ~ 0 ) ~ ~ -
/(3 Y"K 1.~ I ! . ~.~ 

ZL( ij f),5o I I,D 33 
23 ~ D,S 'JJ rX lot) d 33 
2.2. o,S I~ r'l( \.t) d 2S 
21 O,'S ~ If 7 r'l( . I.V d 2.3 . 

;~1 2d I 0,5 I 1,3 ·Z~ p, - . 
iq ~ d i S 

'1 
,1,6 33 

iY .-- ) , (J wd" 33 ,1 I :..:- . rx 
! ''1 0,5 OeS I 56 
I :~ o ~ , '-' , , 0 r')( uJd 33 

I~ I {~ 
'-' 0,5 1,0 33 

I L! 6 17 l,S ," 32. -
13 J l 3 I, :s 4b , 
!~ II }, :3 I, '3 SO 
l! '\0 l I D 5D 

! :~ , .... 
! : .J 0 ,5 TI 3 2g 

:) .~' ? ~ () , 5 (.?,7 '12.. 
/,0 

, 
1-12. (j\ I 0,1 I 

07 I 0,5 O/~ 50 
6 (, .~ 6,3 I 0,5 3g 

, q 0,-:: 

" 
D I S 0, ,7 '12-

I 

1 
, 

6,7 80 .I'""',!' ~ Or : j ' ; 

0"~ f {),5 0,7 l-/z. 
() '~~ ~ () r S -'-;( (5" ( -r ,. "" ::\ 0,7 ~(5t: rl l\c, 42-
01 It 0 

../ --' 43 1,3 
1 '7 Or) ~ lIS 1,3 5L/ 

I - -...--' - -, 
I I ~ I I 



UPSLOPE o 0 \I.J i'J S LOP E ,.-
I RAT O"S 

YEAR WIDTH mm PATTERN OTHER VJiDTH mm PATTERN OTHER ANNUAL MEAN 
f Cf ~I 0 - -

7(j f ~. 1 ../ i,O 57 
7y I , '3 I 1,0 " 57 ! ~ 
77 110 I 0,1 sq 
7~ '\ () I, D 50 

t (i -!t'~ ~ irO i,o 50 ,. , ,...., 
7J/ ~ /13 r- j 1,0 57 I 'oJ 

72- ~ (,3 ~ 1,6 ,'S' 7 
12 ~ l, D 1,0 5D 
it ~ l,3 I, () S7 

I l17 ~) ~ i,o I ~ 1,0 57 
~q ~ L5 I ~ ItS Ii 5a 
l ~~ ~ 1 , () /,5 ~ 4D .~ , 

~1 6 ,7 ll3- I 3S 
~b D,S ~ O,S . . 56 

1 
~ 

!(.!(~6 ~ I, 6 I Itf) ~ SO 
~t1 ~ 1,0 I . 0,1 set :1 

03 I (),7 I I 
6, '1 50 

l ') 6,7 I I ()t7 SO '.>? ,;- . 
~~ i H tlO 110 S6 P-

I" I A ~ / 10 Ol7 59 I " ! I') /) 

•. : ; f Or1 0 ,7 .. 5D '/ i 

S~ J,O 110 50 
C...., 
vI 6 " 1\ () 41 
5/ ',-, (, ,5 t D,S 50 

ICf SS ~ 6 ,1 0, ,7 .~ So 
54 1,0 }.O 50 
~'? ~ {), 7 } , () '-I I v ...... · _. 
C' .. ~ 0 17 fL o Lj I ..., / 
"III ,.... ... 

5/ I ! {j I, D So 
ICf 50 ~ I f 0 {), 7 ~~ 

lfq I I,D 1.0 
, 

c!5(; f 

4V i 

" D 
J 10 50 r 

'-t -, .~ l, O /' D 50 
L1 /~ ij I, D 0,5 t;7 

1<1 }-J 5 
i 

" () 

I 

() , 1 Sq 
l qL! ~ '('0 0,1 6q 

L{~ f 017 l () I ';; 6~ ~ 
~2 /,0 f I, 0 60 
L~ ; 

I 
I I () 

I I 

" 

J 10 . ~ SO 
, .:.'; :: () 

" '3 It I Lj3 t ~ ~ II 

It I I .--



@ 

MTP-5/Z 

UPSLOPE DO'NNSLOPE 
... 

~ I RAT O·S 
! 

YEAR vVIDTH mm PATTERN OTHER '1JIDTH mm PATTERN OTHER ANNUAL MEAN 

3q , I () 7, () 50 
39 ( , 3 (I ') S6 
37 ~ 

1,0 7,0 so 5 
3(' l J, D 0,7 59 

,q 35 ) 10 II () 50 
3Li ~ 0,7 6" So 
~3 ~ 0,7 O~7 50 
...,. ,., 
...;? 

" 
I,D 1,3 t.{3 

"~J 
i 

lrO I 

~ 
I, 0 SO 

I q ,3i) ! O,Z 

I 
~ l, () t.{{ 

2::{ (),7 ~ )! 0 41 
?.~ ' 0,( ~ J ! () I if 

°7 r 0,7 1,0 ~ 41 .... 
2_~ I () , ~7 I ~ '.0 

"Jd ? I 4/ 
;:'1 ..-"! c.. ()11 ~ I, b 'r)t 41 ! ' ~- 1 

2.1-1 0,7 I 0,-:] 50 
23 ~ O,S I I, D 33 
22 0,7 ),3 " 35 
'21 (J/S I ~ ),0 rx wA 33 . 

!':"12d ~ I rD 17 1\ 31 
10 ~ 0,1 I! j 

I 35 
19- 0,5 / I D ,) .. 33 
! '~l }ID I I D rx IAJ ~ sa 
I ~ ()ff 0.7 50 

1C1 
I r-
~ OrS )'5 ZS 

ILl j r () J , () 
.-

50 -
13 0 ,7 II () 41 

I 

/2- II I , () } I () SO 
H /'0 I , () 50 

~ ,~ l ~) 0/7 /,0 ; 1-1 I 
OJ ;-? ~ - - -
(j\' I 

I 

o ~J ~ 
of/) -~ 

I q ,1)5 
i I l'"'Ii ,' i 

I I ... : 

(") .-) I 
\ . ' 

O';~ ~ 
, 

:)/ 

1; Of) ~ 
II 

I 
:: I ~ 



0/'2 

~ 

MTP-S 

1900 1950 
U% 

10C 

5C 

~ 

- t-+++-I-+-t-+-+-+ +-+. f- r-r~ f- - f- f-f- - - '- - f- f- - --f-t -+-+-+-+-+-IH-If- . - - 1-1- -·I-++++H-1 t-t-t+++-H 
. - f- -f- f- - f--f-f- -1 -

- .- -f-+'- - - - - - . ++++-..-+-t-I-t-++~H-+ f-++- . f- -f-f- -

-t-+++-'H-t-+-t-t-t-t-t-I-+-;''''''-H-+-HH-+-t-+-I-+-+- f- -f-'r- -++-f-+-t-+-+-+.+-If-++ t-++++-t-+-+.-t+-+-++-+-+ -+-f .. - f- -+-t-l-+-t-+-+-I .... ++-+-+ .... +-+-t--+-t--1--t-l'-++++-t-I--t-+-t-+-+-1 
1-+-+--+-1-++-+-+-+-+-+-+-+-1-+-++· r-I- 1--+-1--+--1 -t- f- . + +f-+-I·+-t-t-+-+-I-I--I t-I--t- t--t--t-lf-ll-+-+- I-+-+-+-+-++-++I 

J+1f-t-t--t-t-+-HH-1·-t-t-..-+-t-t-f .... 1f-H-+++-I-I-+-1f-I-t+ I-r-~ '- r- -f- - f- ' 1- - , 
C 

+-+""'-++-H - I--i- -I-t-+-++· -l++-I-il-t-+--+-t-H·· .... - - ! - f-r- ·...f--+-1I--I-++-+-I-t-· I-'-f-

10C 
t-+-t-++++-t-I--t-+-+-++-t--t-+-+-+-++rl--t +-+-+-.f-+-I .... ++++-t-+-t-+-t-+-t--t ++-t-I--t-+-+-++-t-+-t -+-+-+ +-If-++.- r - ' f­
I-++--+-t-+~jf-++++-t-+-t+++-IH-H-+-+-t-++-I-+-+-·t-+-t++-H-t+-+-t--+-+-+-IH--+-t-+-I--t-I-HH+++-t - '- -++++-+-+-+--i-++-+-+-+~1--t-if-1-++-++-H--l4+++-t-H 

S( • 

( 

f-- .... -l-++-rr~-t-++~~-~~l~r++-t-H-+++-+-H·-1-t-+++~~++-+-+rH~.~++-I++-t-t .... ~~ -f--f-· 
1-t-f~++-rI-1f-f+++-1f-1rH-++-I-HH-++-t-t-t-t-~+-rl-t-t-+++-H~++++H-t--l f- -I-t-·I+1f+t ·++-.-+-+-++t-H+-1f-1I-t--+-I-t-~-H­
t-t-1-+++-rI-1f-f-+-1 .... ·H-ir-t+- l-t-rH- H ---t-t-t-t-t·-+-t--H-·t-H-t-++-H1-t -1-1-+-++-+-1--+ H-+-t-H-t+-t--t-t .... - H - .... 

10C 

Sd 

0 
- .... -- .. 

"2 ~.r] 

1'..J... -=- l l) 10 

I Jk- ~. 7, ~ cf 6 j l
-1l.-

I- . f-

1- .- 1-- -



UPSLOPE DO\}/ N S LOP E 

I YEAR \NIDTH mm PATTERN OTHER VJIDTH mm PATTERN 

- -
77 I , 

3.5 2., S 50'\ 
I ({ 7:5 ~ 3 ! 3 ~ ,0 s2 

?, 2 U 3 .() 2' , 5 I 5 S . 

bi ~==:~:, D:==:======:======:,===:2=,7:-=:======:======:==~S~3==:==~ ; Cf ~ () ~ 2 I 7 '2. 7 . 5 0 
::;/! ~ 3 , '3 2 ,5 .. 51 
5~ '1,0 3.0 57 

1'1 S5 ~ 

5:; ~ 3.5 3 .3 5/ 
52 ~ 3.5 ~ID 5'1 
Sf ~ 2,7 aID ~ '17 

1-19. ~ 1, '7 "3 ,() ~-1 
L"-i ~1-"':;:3"'-:","":"o--;I-----t---~r---:::::"Z;-,-::3::::---~----t------ft----::S~7:----+---

L- u~ n;--~2~f~3--~r----~----~~~~,~~~--r-----+-----r-5~O--~--

'~L!5~ 2,5 I 2/5 50 
~Iq ~ 2 c : 2 ,. ~ 52-~ ____ ' .~, ___ -~t~Y~_~ ___ ~---~~~ __ '~ ____ -+ ____ 4-~~~ __ _ 

Y 7, ~ 2. , 3 ~ 2, 3 50 
'I ,.. 
Z--i ; 

. fi-

/: ~1 ~ t-... ~, 

2,5 2,5 56 

-
, , t/ l' 

J.~------;---------+-------~r-----------~----~----~-----+---

~----~~----~I------~---4-----~----+-----~~~-----~I---



/'IlTP - t/2. 

UPSLOPE DO\NNSLOPE 

~ 
t YEAR WIDTH mm PATTERN OTHER I RA T O~S 

VJIDTH mm PATTERN OTHER ANNUAL MEAN 

---
3,5 

2,() ~Lf 

77 

jU 75 ~ __ ~3_-/~~~~_~ ____ ~( _______ ~ __ 2~,3~+-______ ~ ____ ~_~~~O~_~ __ _ 
7 11 ~ 3 · 5 I 2.! 3 ~ (j 
7 "3 ~ t./ ( '5 ~ 3, () (, 0 

-0 '3. () 25 65 

,4 b6 ~ /. rl I '-~ I 3, () -/ J.f7 

r~I_(f~!_~r~~~~~ ___ Z_,7~_'~ _____ ~ ______ +-_~_O~~ ____ -+ _________ ~~_q~7~~ __ _ 
c/i3 , ~ :2 1 5 .. 87 

~----~~~~-!-------~----------~--~.---~----------~--------+--~~-----
.5~ I-/ , ~ 3.5 Sc, 

-:g,'~ Z , S 5~ 

t;Z ... ; 3 I '"/ L/ 2 
5:?2 3,5 3,'/ ~ L/Cf 
5 f ~ '2,') '3,(J I 47 

I{ q: '3 I 0 :3, 3 ' q ~ 

1-1 L)6 ~ 3.0 I ~. 2 ,5 55 
l-./ Li ~ -7 ~-. Z 5 5 7 

~---- I~_-----_~~I~--_~------------+-----------~----~' ~-~------4----------+-~~4----
~~ ~ - -" -
~2 ------------~---------4_------------~-------~---

~1! R 

1:1 0b ~r------+----------I~-----r---------~------------~----~---------~--
" I 



Glz 

1900 
U% 

1925 1950 1975 

10(~~~~~~~~~~~~~~~~~~~~rh~~~~~~~~Mrt~~~~~~TIM 
.-r 1- .. - - -- - - -.. . _. - 1- 1-

1-- -

5(1~+4~~~~+44-~+4~~~- r~~-~~-~-+4-4-~+44" '~- ~r+-4---'~+4~-~'-~-+r44~+4~_~~~-+-+-~~_-~-~-+-4-' ~+'~r~-~-+4~' -~-+4~~f~-~~-+'~~~·+4~~~I~-+-+~4--~'-+-+- I-4-- H 
- I- 1- .. 

1- -- -- .- .- - - - -_ .- _. -- . 1-- . ' H -r - - - -.. 
c· t -t---t--t-- H-- - ~.. - r - - 1- . - . - -- -- -- 1- ,'- I--H -- - -- - - f-- .. - I - - -

10C~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ~ - - ~--~ - - .. --r- _ . .. - ' - - -r--~' - -"-r - --- --,1- - ,--

- - ~I-- .-. -. ~. . . 1- 1- .- - 1- .. - --1 -' _ . .. - ~-I-' _ .. - -- .- ... _. 
- 1- - " - 1-1 - - 1-.- - f- ~ .-. - _. 1-. .... _ .. - . -' Iii - .- .- - .- - - .- - - _. _ .. 

5 (I-+-t-+-t-t--t-+-t--t--f-t-t--t +-~++++++++- f- -H-+--t-+-~-+-t+-+-H-+--t+-t ~ .. -... -+-±-tH-i~-f-t--F-l -i--r1c..,.-t---i:-t 

- - I-- -t- - . r r - -1--
' r -_ . . ' I-"--r 1--- - - . - . - - -. - 1- - 1-- ._. _- - -
t--+-I-I-+..,I-l---f- " 1- - - .. ! - _. - 1- r-I-' - .- - - - ,.- ._ .- - -1- -
(~~~~~~~~~wu~~~~~~~~wu~~~~~~wu~~~~~~wu~~~~~~~~ 

10C~IM~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
+++t-+-~I+·t-t--H- 1-- - - - - _ . . -. . . - - - - r- - r- . - -. - -- -- . - - -- -. . - - -- .. - _.1- - _. 1-. 

-- -- 1- .- . - - - '- 1- ' -- -- ~ r - .. - . - ... -. -.. -- ,. -,_ .. 
~r- - . _. - I-r- _. .-~ - - - -- . - - _. - - - 1-

50- - ~ - . _.- - - _. - .. _. - .. f- · _. - - . H ~. , .. 11\ .• . ,..... - -~ ~ - . - ~, .. _ : ~ .! . ~_ iI!.' __ • __ .. ._ : 1- 1-- -' - ~ - . 

- 1-- - -. . '- 1- - _. .. - _. - 1' - . ~ - -,- . - I- .. - - 1-- - . 

c 
-. _ . . .. . • -.~. " 1- ' -_ .. . .. . - - - .- ··- - 1- - • 



~ 
UPSLOPE 

YEAR WIDTH mm PATTERN OTHER 

I ~ '(1) 0 -
7R ! 

77 

DO\NNSLOPE 

VJIDTH mm PATTERN OTHER 
RAT O"S 

ANNUAL MEAN I 
~ , '--""; 

(),5 72. 
0, 3 ~( 

j t'j' 7 S '_-:-1 _' 6 __ t-___ -+-____ n----:O-:-1 ~5--I-----~--__r.-_..!...7.=:5-,,'--
7/~ ~ I ( 5 I () ! 5 75 

~ 2. J ,5 I , 0 (~() 

54 I 1,5 110 (;() 53 ~r--27: . ~,0-, ~------r-----~r-~/ ,~(l~, ~~----~------4--~~,, ~rJ-·~---

52 2. () (). '/ 71-/ 

;Cf 50 ~ ! \ ? I ~ 0 i ~ 3 
4'1 rf------L/-,-, -----'--7 --J----l----·~-O~, ---=-; --+-----!f-----+, ~7...:::../~1---

I 

/1 L) 6 ~ 2 !:;" I J, S 0 i 
[.1 L! t 2 ' () ) , 5 5 7 
~~ r--~I~, ~S~'~---~------~~!-, S~,, -+----~~-----+-5-, a~~---

~, /) ! 'j rC:: 4,' t? I", '-'" 

, ,; H 1"- .. , " " , ) ~- , fI' 
"'i (, ! / J ':, /~ ; ";~ f [' ! 1 L~ I :) " ," I", f' !' t" " .;;:; '1 

I ~1 ~ ()!l '2 , 6 ~; , () - 5 D 
~-----~~--~--~------~-----+--~---~-----+-----~~~--~---

~ 



@ 
MTP- 7/1 

UPSLOPE DO'NNSLOPE 
o . 

! R AT O"S 
YEAR \NIDTH mm PATTERN OTHER \f.JlDTH mm PATTERN OTHER ANNUAL MEAN 
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U,P S LOP E DOV1NSLOPE 

" I I RAT O~S 
'NIDTH mm PATTERN OTHER VVIDTH mm PATTERN OTHER ANNUAL MEAN 

~ 
f YEAR 

I ~ 't) 0 

77 (5 .. 0!' I 2,7 53 
7 (, ,,() , 5, b (;.)) 1(' 1'1';1\,4 D 5 

) q 7 5 ~ 2, -7 3 , 3 ..-I 4S 
74 ~--~3~/~5--·~----~------~j--~3~. ~3~~-----+------~--5~J~~----

5Y LI,D 3 ,0 57 
5:3 II 1 , () ~ ,/) 60 

~~--~~~~--~-----+------~~~~~------~------~~~~~---
52 ~ /() 3· 0 50 
5/ 

2 .7 t:70 ' r x ':jJ,{ v 

3·C) 50 
2, S 65 
---j ,0 60 

i '3 ,() '-1 1 
60 
50 

YI~ i ~l ~() i 
~-----r------~-----~------+-----~~----~--

--~---------~-----~~-----+------+-------~~----+---
, . .£ 



f/lTP- Io/Z 

UPSLOPE D O\J\JN S LO PE 

~ 
" 

,.-I RAT O"S 
t 

YEAR 'NIDTH mm PATTERN OTHER VJiDTH mm PATTERN , OTHER ANNUAL MEAN 

ICJ '~}O - -
711 2 1 ~3 :2,5 l-/~i 

7R ! 3 ,0 2.15 SS 
77 2 1 c:; I 2 ,5 50 
7~ 2 ;'7 2.,~ 62-

)q 75 3 ,,~) /;t ~ t:.Q S5 
74 3, 3 I '3, () 52 
73 ~ :2 IS 0 ·5 60 ...-' 

72 3 , () £ 15 55 
If 3, () iZ, 7 53 

I q 70 '-;I ,I) Q) .3 55 
t,C{ ~ t-j, 6 ~ "2' 7 6S I 

\.)1 II 

tY: ~ /~ ' , r:::: 2 , 7 ~ 5~ ~ - ..,.J 

01 .-;) '5 '3 .0 54 
~h a ;;;, .... t1 I~ ... 'r l't "", 4{5 -C,4 ~"": e. "( rr.Jeo.. 5g; 

ij 
'-' . ~· /( ~ .. i ~ . 

,q (,,6 ,? ,$ ./ 3, (") J S t-1 
t,L.{ ~ 3 , 7 2 17 S~ 
02- -? ~ ;,0 Stj ..,1./ 

~2. Q.3 3 ,6 5 q 
1'01 I, Q ~ 2 , 5 58" ~' . -, 

,q ?() ~ 
" 2,1 ':r. S 5~ 

5(i '3 ·5 3 I ( ) 

04 54 
S~ '/ -::-

J - _ :I 3.0 5 4 
51 '7 -:z \I--.,r "; .t. } A 'b , -, '-/'1 .-, . .,,-

5' 3·5 A 3 ,5 - I 50 
ICf S5 ~ 1,1. 7 ' i ~ f O rX ,fie{ , ~ 54 

5£1 / ' ' " . ~ . 5<3 A S'C[ ~I . I i 

53 fI 1,1. -; "JI '-j ,0 ", 5 l-J 
52 -7. " 

/A \ d '1 -~ . i'", } (t 43 ~ 
I ... , 

~r~ "";f....; ~; 

51 1.l S ";l. 
,.,J , 6 ; 45 

ICf 50 2. 17 3 , -7 4 2 
4q t 3 1 ~7 

I 

'-I S 
~ 

3 ·n 
49 ?) , ) G, S :3 '()'I 

'-1-, '~ ~ , 3 3, () ~S2 
4L ? /D ' .3 ,6 50 

lC1 46 (:) I (J 2 ; 5 S,.-... ') 

L.I LJ ..... .z :; ?, 3 50 v"-, <./ • 

4~ ~ (~ .S' "+-:-.,-
c;..Il'::> So 

~2 ':; ~ O 3~3 2ft' 
Lit - - -

J _1 i,J{) ! 
I .. 

"::- -

t 
II I I - ;; .... \;:,-
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/'IlTP - / s/f 

U,P S LOP E D 0 VI N S LOP E 
_., 

_ '.--u; 

I RAT 
O-,S 

YEAR WIDTH mm PATTERN OTHER WIDTH mm PATTERN OTHER ANNUAL MEAN 

I CJ tlO - - -
74 1-..5 2 ,5 t:; 6 
7~ ! 21 3 2 ,5 11 k' 
77 2_1 5 'Z , $ liO 
7b 2, 7 2,7 SO ". -. " 

)y 75 ~ 2 ~ . 
J .... 2 1 5 50 

74 ~ 1" "1 :3 ,0 '1'7 
73 ~ 3 ,0 2. , r7 63 
72 / ! S 2,'S 50 
,f ~ LIS Zt1 !-J<t 

I q 7D "-' f) ~-
-2, c: '-Ii J ! .. j ' t ~ 

~C{ 
,-

". I 

4 ,D 47 2, h .. ... 

-' I 

~~~ ~ ,,--' "7 3 .5 ~ 4 4 ~, 

(;,1 ~ 
,,;;. .- "3 ,S I 5 0 t..J;...:O ' , 

-' . ...J 

~h t-J. ~ . C('l~f: '[ , '~'" =,,: .. ! '1 , 3 () ; 0 't !~ r~ r;\ 6/ --.; "".", 1'" 

,q bS ~ ~~, t I v --:!. .~ ....... l-{S -.., 
..... f ..... 

~t1 ~ ";,(\ 3 2 c '1 y; ,_ 1 ...) 

03 :2,5 21 7 i78 
~2. 2 , 5 2- c 

\ -...) 50 
61 2 , 3 2. ,5 4g: 

,Cf ~() ~ 2 !3 2\ --- 1-/ 'x.' J , 
! ~ ,.,-

SCi -:2,5 3,t) .. 45 
S~ 2 15 3 ,D L-fS 
S1 2 ,0 2 , "2, LJ1 vi 

51" ) ,7 '2 , () ~ 4t, 
10 55 2 , 3 3 ,'0 .' ';''- 43 

54 1, 7 2 \ 3 1{ 3 
53 

, 
u 2 , 3 ;215 4X" 

52 2.5 2,'7 47 
51 ~ 7. f '?;. 2 13 : 6 () 

ICf Sf) ~ ?, S -'} .< 60 ,1-..... " , 

4£1 t 2,D '2,7 Y-'I ~))d '-13 , 
49 ~ 

~ :2 r ( ) 2 ,5 i.f4 
L-f7 ~ -;:~ , /) 2 ,5 44 
4f.. r 'LIO 2,3 4'1 

,~ 46 ~ 2 , '2_ I 2- C Lj~ f ... ~, ' 'oJ 

LIL, ~ £-,0 2. , / ) OC) 
4~ ~ 2. :D ~ 2,3 41 
~2 2. t() 2. D 50 
til 21 () :;:~ ~ 5 4Lf 

I ~1 Y () 3 , 0 
. .. , 

3, 5 Lf ~ .:.",, 1 . .-;..,.:> '( ,\.-:.i 

...." 
~. 

'I I I ' :'.J_"; 



@ 

fliT p- 7 3;l 

UPSLOPE D O'l'/NS LO PE 
- ,~ 

RAT O'S 
YEAR \VIDTH mm PATTERN OTHER WIDTH mm PATTERN OTHER ANNUAL MEAN 

3q I , 7 '2,0 11 l~ 
19 2,5 ~ , S 50 
37 ! -z.,() 2.,O S6 
3b - I - -

,q 35 
31.1 J. 
~Y3 ~ j 
'l .... 
,/ 

Vi-

" '3/ ~ 
I q 20 i 2Cf 

2~ ' ~ ~ II 
r. -, ~ ~ ..t.. ( 

1.~ ~ 
i 

j ~ '2~~ ~ 
ZL! I 
23 ~ 
22 
1.1 ! . 

Iq 26 
\1 ~ 
f'?- .. 
r7 
i~ 

I~ I " ~ 
I LJ . -

13 
\ 

12. ,I -H 
]q I .~ 

~ r ) 

.')t.f ~ 
(j\" ~ 

I 

07 I 
t 

6(" 
.~ 

I q 1)5 ~ 
ilL 

, 
,,. : 

I 

D"". tl 
() ~.L ~ 
l) I 

' <:7 ()D ~ 
... 

j !l 
~ 
~ I I 



u·p S LOP E o O\f1NS LO PE 
~ ~ 

•. ' ........ 
J I RAT O-'S 
f 

YEAR WIDTH mm PATTERN OTHER VJIDTH mm PATTERN OTHER ANNUAL MEAN 

! CJ '(.i 0 -- - 11 -
7(; 2. \ 3 '2,3 86 
7? ! 2. I'-~ .- 2 , 3 S o 
77 .1 

"3 . 2- ( ' I 2,3 50 
7t:. j , 7 2,3 4~ ,"" 

jt{ 75- ~ Z. I ,l... 2 .-- 50 1 .../ i . ! _";; 

74 ~ 2-, S ~ 2.. 5 50 I 
7? ~ '2. I -Z ., 1. I S 52 ) ~ 

72 ~ 2 ,0 :2 ,l) 50 
-If ./,() ;2 .;, 47 I 

..,.. I""'; 

I Cf 7D ~ '2 ,~ t -2 , 7 i-j ~ - , ........ 
&CJ ~ 0,3 I II 

r2 5 4Cf ~ O . 
I 

t9 ~ 3 ,0 3 . '3 ~ 4'l 
(,1 I 3. 0 I 3·6 ~ 80 
~ {; L£, 6 I:';;, 5 F -,,'./, c\ Lt, '7 J~~"'1 ( )t f; 'l'C, Lj q 

,q (~6 ~ 1 .13 ....- 2.,·S -.../ L./'d 
~l1 ~ 2 10 I Z ~ \ .",J 47 
03 ! 2,3 2 ,~ 50 
(,'2 2,3 2,3 '50 
foi 

Ij 
2 ~ Z :2 50 P- . _ I ..... ' .1.,:) 

,q (" f) ~ I --7 ' ( 
2 13 43 

SCi 'Z rZ :2 '7 04 

4~ .. / J .~ I 

S~ 2, 3 3,0 '13 
51 I, 7 2, 7 , 3Cf 
5(" J! '3 2 ,5 '. 

c34 
I C1 S5 ! ( 3 2 -7 , _. 

3~ " , 
;:)y ! /,6 ~\S os.? 
53 [I 2,1) 2 , ~! 43 
52 L 2 . 7 . 7-, 7 l{~ t . --' 

51 ~-? ,f) 2 , 3 i 47 
JCJ 50 ~ -2,3 2,'7 tj(P 

41 I 2 , 3 3,3 
, 

t/ f , 
\ 1..1 ?, '-19 2,5 .-;; ~ 
I ...) , ..... 7 v 

LI7 .~ 2 1 () 3 .'0 liD 
Li f n 2,/) 3,5 3{' . -

lC1 46 ,,-' () I 

2· 5 1../4 L- I . 

qq ,/! ') -2 /) 'i f) £., I c..) , 

L{? r 2. r5 '3 \ 0 45 
W'J ,- --7-. /) I 2 ,3 '17 
yl 

- , ,/1 ? 
?I---.J ''2 15 '-I~ 

J ;, l1D ~ - -- -, I 

.. 
I • 



I t/-t-

13/1 

1900 
U% 

1925 1950 

MiP - 13 

1975 

10(~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TrM 

( 

10C 

5C 

t- - t- . . .. '1-1- ~- '1- -'1- . '- 1-- ' _ .. - - - - t- . " - - . 1-- - 1- 1- ' 
1--1-'1- - ·' 1-1- .. "1- -.1-. ~- . " 1- " " 1-- 1-- . .. - - 1'--1- ' - _ . 1-++-' . - 1-- '- . ' -1- ' . 1-- - -I- ' -. . 

........ ·-4---H -+ I- . ··t--I·-+..,I-++f--i- .. - - .- - . 1- 1-1- - 1·- - .. + - 1-- - .. .. - 1-- - _ .. t-t-+-+-·I-++-t· f- .. 

t-t-l-~-t--I-+- '--I-~-t-1-' t- --1 -t--t---f -I-+-+11--I---+-I--I-+-t--t-t--I-I-+- I-I-t- "-+-I-I-'--+-!-+ -t---t-t--t--t-t H·-t-I-+-H -+ -I-+-+-+--+-- f- -

- 1- _ ._ .. '- - _ . • ' 1-- ... .. - -I'- i-- - _. ·1--- - 1- 1-'· 1-' 1-­
. - 1-- _. t- - 1- ·- c·- . · 1-'-- · -- - _ .- 1-- i-- - -I- -- - .. - -. -.. 1- - >---1-1-1-· - - .1-'- -1- " 1-- - _. --

t-+-t-+-+~ ·- - ~ - -- -t-+-t-~-'H' .. -1--1- - - - - I-- - 1'- . . 1--'--1- -

I-- -.-
1--- '-H--HH --t-l 

. - . - - . . - I- . I-- - .. - -

.. _ C- . _ •... _I--
... . - 1--1-- - - 1-'1--1--1- . -+-IH '-+-f--t-t---I-I'-I'-

.. - 1-" _. - - -1-1--1-1-1--+ +-+-I--+-I---!-. - . - .. - _. - - - - -

_ . . -1--1-' - -­
. - I--- I---t- -

- . - - - 1- -

-1-- 1- _. - .. 

_1-+--+-+-+--+-++-11- - - - - -. - - 'H '-I-t-t--I-
C 

+-11++ .1-+-1--I- 1-+-+-1--+--+'-+-f'-j- - ... _. - - - 1- - - .. '-1-t-t-t-'H-t--H 
. . - 1-' - . 1-.. - 1- .- .. 
-~. -- . 

10C 
. t-I--I-- - f -+.+-....... I---f-t-t- ....... t-

.- H- -+11 +-+-t--+-I -+- f-t--·t--+ .. I-- . - - 1- . . 
.. 1--1--. -i 1 - + -+-+-1 _. - I-- ' 1--

5C - -1--1- -

t-t-'1 -1-+-+-1-+- 1' 1-.1--1- - - .. 
. 1-1-- - 1--1-- -+-f-+-+-II--I-'+ 

C 
1-- - - - .- - I-- -+-+-1-+-+-1 

. f- . I- '-1- .- - - 1-. . - - 1-- ' 
-1- ' -1--1--1-- - - .. - -. - -1- -

. - 1-1- .- . _.- -. 1--1 - .- - - - +-t--+--t-+-j- .. - - -' - .. 

•• 
1- - -- 1-- .-

,.- - . - - - - - . -1-- -- - 1- - -1-- -
- - ._. - - - -I- .. ,--1- - - .- 1--1-- .-

- - -'1- - I­
f- - I-- - 1-.1- -­
I-' 1- " - I-- . 

-1-.1--- -
- 1---

- -. - _. I- 1-1-. ... 

"'--1-

,- .. 

1-- .. 

- e--



fIlTP - lo/i 

U ·.P S LOP E DO\f1NSLOPE 

~ 
-.-! RAT O·"S 

YEAR WIDTH mm PATTERN OTHER VJIDTH mm PATTERN OTHER ANNUAL MEAN 

1'1 X) 0 -- - ---70 2., ( ) 0 ,-7 74 
7R ! I , .--; (),7 7/ 
77 1~ , O 

! , 

() t 7 74 
It, i fS 

. ' /,0 bO° 
jt{ 75 ~ 2 13 / I l) 70 

7 1-! ~ J (7 
j 

) 13 r:::.7 t..,JJ 

7'-' ~ 2 "6 J ~ fa / ..... _ I t~ ' I -.-I 

72 2 ,5 I I f 5 6 .3 
If 2, D 

1 
I I , '5 -'7 

I 
..... , 
~ j 

I q 7f) ~ 20 I~' '2 c S~5 \ ....,; 

t.,cq ~ 2JS 2, t) 
I 5 tE 

~~~ r 2f() I, ~7 ~ 5'1 
t,1 /, -1 I I I ! ~5() 
0& , 3 ,5 (!n!5(" T· 'fi t:.' :),') r ) /. 

· ~· :"'f. 5 .. r ( .' y., 0 50 
,q (,,6 2, 3 '-' I, r':) --- I:,/f t 

tL.f ~ 2. 1 () ,1 () ~7 
03 2 1 0 I ~, , ....,. ~ I 
bf""! ('.... 2, () /13 ? I 
bl p. 2, :3 J 1/ 5?? 

I c{ 0 () ~ 2 1 '-3 J: "3 t.'1 
:it) .; I 7 I ( .::5 ~ ~3 \..~ 

S~ 2 '2 I "; 1,7 ,,- ~ v _ 
51 /1 L) . . J l S LfO 
5t, / ,7 2 i[) .' J J lA.t;, 

/ C1 SS ~ / I :3 2., () ,--- (~ q 

54 2, '2. 2,() 6 ?J ../ 

53 fI 2 ,3 I -; ~S8) I f -52 I ! 7 1, 5 6 3 
51 , ~ 5 / ( ::5 I 9t 

ICf S() ij 2r3 I I ~ :I ", ! 
4q , 

3, '0 2ft) 0t) t 

49 f '7; I (j 2 ,D )' .t~ 
.,,~ t.,' 

L./7 .~ 1.1 ';I., { /1 ~:S Xi ~ 

4 L f 2 'Z tl5 (,i . ' / J 

,~ 45 ~ L;() I }I / 54 
L.ltO 2 1 () J I 7 54 
4~ ~ /,7 I I--

/ 1 :.:; 53 
~2 / ' I ) 1 7 60 
til ~ -- - -

J ll1D I' 
I .. 

II I • . . -;~ 



UPSLOPE DO\NNSLOPE 

~ 
-. --I RAT 

O·:S 
t 

YEAR WIDTH mm PATTERN OTHER VJiDTH mm PATTERN OTHER ANNUAL MEAN 

I ~ ~)O - ~ ~ 

70 '2 1 0 J ,0 ,I" 7 
7R ! /,7 ) \ n h :3 
77 J 2,() I { I D ~7: 
7~ /17 t ,0 C3 . . 

,q 75 J. 2 1'3 ) ,,~ ~4 (..J 

~ 
74 ~ J I 7 It 3 5 1 I 
72 

" 
'1 (6 I, '; ~ I 

72 ~ :2 3 I 1 t .3 (yt,.j ./ 

I f Z II ) il '3 ~f I ! q 7 () ~ 'jl() '15 t r 7 
~q ~ 2,5 

j 

2 ·,0 60 I 
• It! , 

~? ~ 2 ,( ) ' I t 7 ~ 54 
?:>1 2., () I l,7 l 5'-/ 
f&~ S ,5 (I I ~ , -"t:\ __ :,po r '.':1 ,) 7> ,7 L?t ):$c r,'i~~ 6'1 

Iq (,,6 ~ -2.,7 v I I 5 ......: ~ L-/ 
tL.f ~ 2./0 '. 3 /' J 

~" " 
03 2 :,1) J ~ 5' ~7 t:......J 

~2. a ,"! .. ,(} I "':1, 
I ~ C:,/ . 

(01 1- I ( ~7 j t 5 53 
'(1 0 () ~ /17 II ~ 67 

~./; 2 <1- I.~ 7 .. 5~ I J 

S~ :s ",f ) I r 7 ta'i 
t:.., 2 · ,C; rx LV ~_ " J t 3 fot, v I 

sc, 2r7 f \ 5 t, 1.-/ 
I~ 55 :;2. < t\J Ie: I -...f ' ,-

{, .-. 
" b 

54 1. ,3 I, 7 S'2? 
53 

\ 

1 J 7 104 ~ '3 ,() 

52 1 2< I J I, '3 t~ 
51 ! 2 ,0 ltD ~ '7 

/'1 50 ~ 2,0 J J 3 Ir- I 
4q t .- e- I· :5 /' -" 

I 1.-1...) {t~ ... ? 
'-/)( b 2 c: 1,7 r; o n I J 

'17 ~ ~, 3 f C-. \ ..J ~I 
4'-. 2 .. () 1,3 (,;, ( 

11 46 I 2, !) J IS <Sf 
tIll 2 r() } <-I -" !,57 
L1~ f Z,t) ), -; ~ .. L-j 2') 
~:2 .......--- - -
YI 

I ~ 40 ! 
" . 

~ 
I II I ,,' ~~ 
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