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EROSIONAL PROBLEMS RELATED TO LAND-USE ACTIVITIES IN THE 2% GEOLOGIC OVERVIEW identification of a small number of erosional and depositional provinces (not more than 10) to This resulted in the delineation of the six erosional provinces identified as S1, Sz, Ci, Ce, i, and TABLE 1. MAPPING CRITERIA AND PHYSICAL CHARACTERISTICS OF EROSIONAL AND DEPOSITIONAL PROVINCES IN THE WILLAMETTE BASIN.
WILLAMETTE RIVER BASIN, OREGON BASIN t %y On the basis of physiography and geology, the Willamette River basin can be divided into avoid confusion and clutter on the map, (3) Compatible with the quality, quantity, and resolution [z, (table 1). ]
PHOTOMOSIAC three north-south provinces: The Cascade Range, the Coast Range, and the interlying Willamette of available earth-resource information, and (4) Consistent with accepted scientific fact and Throughout the overlay procedure, aerial photographs and 1:24,000 and 1:62,500-scale Provinces Slope
INTRODUCTION Valley (figs. 2 and 3). reason. ) topographic maps were used to make fine adjustments in the province-boundary lines. This was (percent)! Geologic units? Description Erodibility of geologic units Types and sources of Deposition
The volcanic rocks that compose the Cascade Range can be divided into two major groups. Using these considerations as a guide, working hypotheses were derived for the five major necessary because the slope and geologic information was generalized from maps of various scale Name Symbol pe sediments entering streams
) A VIEW FBOM SP.ACE ' ' . ) ' The older group consists of basalt and andesite together with volcanic debris. These rocks have enyironmenta}l factors of climate, topography, geology, soils, and vegetation as they pertain to the that did not strictly conform to the semicontrolled 1:130,000 scale photomosaic base. For this
The present-day image of the Willamette River basin, perceived by a high-altitude camera, is ENVIRONMENTAL | been folded, faulted, and extensively altered. The younger rocks, which form the High Cascades, Willamette River basin. reason, the erosional and depositional provinces shown on the map are regional. For site-specific Silt Covered Nt diffsicitiated T— logi W EROSIONAL PROVINCE
an odc!ly speckled and blotchy landscape. The image attests to extensive changes in the FACTORS B B are derived from more recent basaltic and andesitic lava flows. The five hypotheses are as follows: ) studies (particularly in areas proximate to boundary lines), interested parties may wish to refine Sloping Si <12 Oanci Pe;ill: ‘2; ;61?5131(;0 OQéCa‘;‘{{tI_‘;T;SSf?f g‘l?roimolg);: ra%%é) e“j LITHOLOGY: Sermi dofed masdivell S : VERY HIGH. b i . .
e covr o h land sitce pia o my vt o o, Clorcapchisy | cuwre Themounain and ol o e o Fange s i ey by vl rocsandby L Clmat: The e ofcimae an erosion can be consdered geerally consant th bounday ne hough dinal e nd h sepaion f e dsaled e o e ek i St B e i sl oo Y G s e e gsdanibto et et | iy el s of s sopes ol s T .
the hundreds speckle the forest mantle on the western flank of fhe Cascade Range and on the :TOPOGRAPHY EROSIONAL IMPACT MATRIX marine sedimentary rocks derived from them. The older volcanic rocks, consisting of basalt flows throughout the Willamette River basin. Therefore, variations in climatic factors need not slope and geology. ) Conservation Service Soil Surveys, as summarized in Oregon Wi?lamett ¢ Valley. TOPOGRAPHY: s o%mg o Staap (85 pers ent)~ol s caellr; ';1)2 percent-also highly suscepfible toshe ets rlilll gnd gullypeerosiof)pc?r: baarg yield large amounts of suspended load and C%“uvm.m, . slide matenals itom upsldpe it
i Slege . S et Kamps. Restareguilan s of agpeniliel Halds cavey the bned *gS?LLSOGY and volcanic debris, are interbedded with continental sedimentary rocks. The marine sedimentary be: considered, for for}'nulatmg pr ovmce-.deﬁnlng crifetia. St SC i 5 State Water Resources Board (1969), were used to delineate up to 50 percent under forest cover; generally on ridge tops with less than surfaces. [ contribute significantly to stream turbidity. posits, small alluvial Fnsiat breskiof slape.
Wlllarrge.tte valley floor and the nonforested foothills. . ' AEETATION TERRAIN UNITS rocks consist of sandstone, shale, and mudstone. 2. Topography: In the Willamette River basin a slgpe grac‘hent of 12 percent dgmarks the EROSIONAL-DEPOSITIONAL FEATURES U tlzelzl Sz 12 map boundaries. 20 percent slope.
‘ Cities and suburbs appear as‘brown,‘ ﬁqe-textured areas that interrupt 'the‘ mosaic of | B The Willamette Valley is an elongated alluvial lowland framed by resistant volcanic and approximate .bounda{y betweep upland terrain, that is predominantly erosional, and The second step (fig. 1) in producing a province map is the identification and mapping of plands
agricultural fields. Upon close inspection, the intricate and varied patterns of urbanization become EROSIONAL - '» sedimentary rocks. Much of the valley is covered by sandy to silty terrace deposits that settled from lowland terrain, that is predominantly depositional. active erosional-depositional features. Inclusion of the features on the map serves several ) . )
apparent. M?St urbam'atlon pattems appear at the intersections of major roads or flank the PROVINCE MAP = " ) water ponded in a great glaciofluvial lake. Most of the materials in these deposits appear to have 3. Geology: The physiographic units and rock types that underlie the Willamette River basin purposes. First, the features indicate the general basinwide patterns of land geformation and Incompetent Helgeene and l;!mstotcene pykroc(l-?-sm). rr?,[c.ks (Qpﬁ phoce]?se LITHOLOGY: ) i ) . .
Willamette River at points along its course. _ s N originated from upstream areas of the Columbia River basin (Glenn, 1965). The alluvial deposits cenx he salegorized it five groups that zeflect relaiive susceptibilly 1o ereslen. The thereby provide a direct visual statement of land surface quality. Second, by showing the location Sloping 8 S braceins, and taffs (Trmtanorth of Santiam River). Miscene and e i kot i W e o MODERATE TO VERY HIGH. Most of these units are prone to mass
Interspersed throughout the image are the broad, irregular surfaces of lakes and reservoirs, COLOR IR IMAGERY |~ o 5 . that border existing rivers were derived largely from the surrounding mountains. These deposits lowlands of the basin are dominated by depositional processes and the geologic deposits s ; cequa ty. » O Sn0ung : Uplands ey A R e e e et T e S s marine and continenta’ sedimentary rocks and pyroclastic rocks occurting movement on slopes between 12 to 60 percent, particularly where linear Shale, mudstone, and pyroclastic units will contribute Mass-wasting debris i ions;
the lineaments of roads and powerline networks, and the curvy fraces of streams and rivers, *EROSIONAL- =2 0, OV consist of intermingled layers of clay, sit, sand. and gravel can be dassified into: valley flood-plain alluvium, and valley-terrace deposits, The and density of disturbed, unstable surfaces, the mapping identifies the major sediment sources in Oligocene pyroclastic rocks (Tmop); Eocene volcanic rocks in the Coast and Cascade Ranges; also includes volcanic rocks of the Coast slanes of wiaakness (sich a8 bedding planes and Joints) ate inelied large loads of fine sediments and induce turbidity. ass-wasting debris in numerous locations; also
Mountaint wiields cap the high Cascad DEPOSITIONAL = / > gled fay 4 ’ gravel. - o ’ - o the basin. Thus, in conjunction with erosional-depositional provinces and identified land-use I tent where pyroclastic units not differentiated (Telb); Eocene Range, and hydrothermally altered lava occurring locally in the Cascade ; ; : " P - Breccias may contribute boulder-sized materials streatnbed deposits and debris jams are-cotmon in
ountaintop snowfields cap the high Cascades. FEATHRES 4 7L . " upland areas of the basin (consisting of valley buttes, foothills, and mountains of the activities (see table 3), the mapped features provide a basis for interpreting the spatial impact of ncosrtnpe en , i pyroclastic and interbedded volcanic-marine sedimentary Range, TOPOGRAPHY: variable, sloping to very steep (60 percent); downslope. Urcxints of }t:'lffh‘lmh swelh{;g clays are particularly prone to mass Femmassyosiing preseues some areas.
———————— =] "\ omhin 2 CLIMATE Coast and Cascade Ranges) are dominated by erosional processes and can be classified ) i ’ : : ' o rocks (Teup, Teuv); Tertiary marine sedimentary rocks(Toum many units unstable on slopes less than 35 percent. ’ METaREIT A AR LG SURbERRDIE T Sunishotosian, '
o 2 Sl ' ‘ ) e _ ‘ . - . ; Py 2 ; : man’s activities on both land and river quality. : Uplands ’
CONVERSION FACTORS | *LAND-USE ACTIVITIES % = 5 Z The f:llmate of the Willamette River basin is of the hU_mld, marine west coast temperate type, g:t&ig;re:n 3 arigsga‘zigg;s _ia_}c]c;o:g:relg (t:gtetgi riset.;s;ergtﬁ_;_lll]xtey uc;))flatr}:g ;ir;??g;fsi':g gvl;::éa}i Active erosional and depositional features in the Molalla River basin were identified through Tommy; Teum, Tem; Teme).
Factors for converting U.S. customary units to the International System of Units (SI) are given ' , s = o characterized by warmn, ary L apd cool, wet winers. Precn;_ntatlon dale mostly dunpg locally mantle the buttes and foothills of the northem part of the valley; the incompetent, intensive analysis of stereoscoplca]ly paired color-IR images (S(fal? 1:130,000). The images were Competent i .
2 . : ; . 3 r . October through April and varies locally in amount depending on altitude and the location with . . ; magnified and perused on a scanning stereoscope, and descriptive notes were made regarding ; ; : LOW TO MODERATE. These units are not generally prone to deep-seated In t ar nit ib 1
below to four significant figures. However, in the text the metric equivalents are shown only L " EXPLANATION w A ' respect to the rain shadow caused by the Coast Range (lying athwart the westerly winds of the or weakly coherent, bedrock units, which are prone to slope failure; and the competent, rominerit features: land-use associations, and watiors-afveaatation. N ext, in selected areas, the Sloping G =12 Holocene and Pleistocene andesite and basalt (Qa, Qb); LITHOLOGY: [afaely sironaly coherent. basalic: and andesific lavered mass movement on slopes less than 60 percent except at the edge of mgs ° easl, u blbsi contribute small loads of
to the number of significant figures consistent with the values for the U.S. customary units. L £ . . O < s — Pacifi or strongly coherent, bedrock units, which make up the higher ridges and steep peaks of promine ’ S . g ) . g Uplands Pleistocene and Pliocene basalt and andesite (QTba); Miocene ks of the goy IOy Sonsieny bae o ane e ! olitciops where tindetlain of siiffotinded by incompetent bedrock which is predominantly coble-aid bouldar:sized materials
|| Low erosional impact > 5 N re) acific). tai descriptive notes and preliminary feature identifications were checked and verified through field lava basinwide (Tmub, Tmmb); Miocene lava south of Santiam rocks of the Cascade Range and Willamette Valley buttes and foothills; : e as bedload. Where competent units are underlain or Some mass-wasting debris in localized areas; also
Us i Multtiply b Metric (SI) uni LAND USE ACTVITY | 7| Medi ional i g ~ \ At altitudes less than 1,000 ft (305 m), th ual precipitation is less than 80 i e i ; ; e o avasouth o includes igneous intrusive rocks of the Coast and Cascade R susceptible to mass movement. Where layered lava rocks are inclined i : : i ; : e Tarm,
.. customary unit ultiply by fetric (SI) unit (NEORNIATION. | __| Medium erosional impact g C s a S altitudes less than 1, m), the average annual precipitation is less than 80 in. 4. Soils: With one major exception, the erodibility of the soils of the Willamette River basin observations, ground-level color and color-IR photography, and low-level aerial photography. Competent River (Tmua); Tertiary intrusive rocks (Tim, Tif, Tin); Oligocene TOPOGR?\PHY- . 5§ o} theLoast and Lascade Hanges: downslope and have tuff interbeds, there is high potential for slides and interbedded with tuffs, pyroclastics, or sedimentary localized streambed deposits and debris jams.
in (inch) 2.540 X 10! mm (millimeter) | | High erosional impact >\ 0 LoV Santiom e —a\ Yui (2032 mm). On the valley floor the annual precipitation averages from 35 to 60 in (889 to 1524 are relatively uniform. Und My TR S N S W - o i — In the basinwide map three categories and 10 individual features are identified in the Steep C: >12 and Miocene volcanic rocks (Tmoa, Tmob).  variable, sloping to very steep (>90 percent). rockfall, Deep cly residunm s prosiz to:soll slump. Boelalk and debeis units, moderate to large quantities of fine sediments
ft (foot) 3.048 X 10-1 m (meter) e J' - P A V\ < < o mm). The average annual temperature of the valley floor is 11°C, with a frost-free growing season e Wi 500 .low throughout the basin The,major excontion i the highl Explanation . Each feature was described in Brown and others (1979), as were details of the Uplands flows are common on slopes near 60 percent. can be added to the suspended load.
mi (mile) 1.609 km (kilometer) FIGURE 1.—Approach for assessing the impact of landuse activities on erosion and deposition. b .5 ) dk, < \ ) z of more than 200 days. ) ) erodible soils developed on the upland silt d eposit.s The area covered by these soils hass] identification technique. It is important to note that the technique when used at the 1:130,000
mi/miZ(mile per 6.212 X 10-1 km/km? (kilometer per Elerents i e lef tepresent sogquired tfssmation Tpus; The province map snd impect @ o i 4 Mean annual precipitation in the uplands varies from 100 to nearly 200 in (2540 to 5080 alvenslys ‘been defined by deliveafing the uptand silt deposits under the category of scale can not effectively distinguish all types of erosional and depositional features defined in the DEPOSITIONAL PROVINCES ) ) . ) Coarse sand and gravel resulting from scour of
square mile) square kilometer) matrix are the products. o / / mm) in the Coast Range, and from 80 to 140 in (2032 to 3556 mm) in the Cascade Range. In the col y gory geomorphic literature. For example, it was not possible to distinguish among all the different types Valley Quaternary LITHOLOGY: Unconsolidated clay, silt, sand and gravel. NORMALLY LOW, except during flooding, when sandy soils are subject to streambed deposits and bank erosion contribute to Subject to overbank silt deposition and gravel splays
(ton/acre) year (ton per 2.242 (t/hm?)/year (metric . I Cascade Range, much of this precipitation occurs as snow, but in the Coast Range, winter 5. Vengbton: . . . of formally defined landslides. It is also important to note that the technique does not permit Flood Plai Vi <3 Alluvium TOPOGRAPHY: flat to nearly level with undulating swells and swales. Seous [partiolarly in swales) owing to Concentmalpd flaw: Ghonnel bedload. Flood-plain clay and silt derived from during floods; in channelways, depositional bars
%y s 4 . Vegetation: The extensive surface cover and soil-holding characteristics afforded by bl . i . ain (Qral) changes from flooding occur predominantly in the braided reaches of the ; : ; insid
acre per year) ton per square s ) . - ; P ; < accumulations of snow are generally small. As a general rule, less than 5 percent of the average ; g p S identifi n of old features which have become partly or wholly stabilized and covered with . streambank failures and floodwater erosion contribute occur at inside curves of meanders and at, or near,
1. Identification and mapping of erosional and d tional provinces (terrain units). In this O 1 1l I 1 Only wh entification o partly Y stabllize flood pl bu
hectometer per year) . pping epositional p: : (@) 1 TP Wil River basi fall ltitudes less than 1.000 ft natural vegetation allow only minimal erosion. Only when vegetation is removed by < . . et . LITHOLOGY: Unconsolidated to semiconsolidated alluvial and lacustrine ood plains. : obstructions.
per y step, hypotheses are developed for selecting the major environmental factors that 0] annual precipitation in the Willamette River basin occurs as snowfall at altitudes less than 1, sty ot by Tabisl maies tan. sovers sxoiicnal tioblas devels vegetation. Examples of such features are old landslide deposits and stabilized alluvial fans. Quaternary lau. silt sand. and 1 ) ; to suspended load.
trol th ional-depositional Criteri thon forthe seloated fact . <! 3 (304 m). At 2,000 ft (608 m), approximately 10 percent of the precipitation occurs as snowfall. Y " o T P p- Vall N ine t w'ay; siit, sand, and gravelin lenases of the vallay floors; Jocally dnicludes LOW TO MODERATE, depending upon location of terrace scarps in relation i i i
TN M LI RO Dl GRS system. Laiteria anersat-then for the se b ) Above this altitude, the percentage falling as snow increases at the rate of roughly 10 percent for These hypotheses were initially reported in Rickert, Hines, and McKenzie (1976) and Brown aey Ve =12 i A i small areas of indurated, weathered alluvium on higher terraces and to existing drainageways. MODERATE TO VERY HIGH wh i Clay and silt deposits near drainageways will Seall Bliwial sa6s wnd colluyldl depbdts Seeur &1
BEGINNINGS, CHANGES, AND PROBLEMS and pertinent data are collated to enable the mapping of terrain-unit boundaries onto a ? (8] {\ each 1.000 ft (304 i) ilr)uecrease and others (1979). In the latter report, the hypotheses were accompanied by detailed DEVELOPMENT OF AN EROSIONAL IMPACT MATRIX Terrace deposits (leun, pediments along valley margins. TOPOGRAPHY: flat to sloping, isniesundierayley S comps ofbedded\:ﬂgzdr:]/:; oot o semsendod Tod, Same bgdloac%}w dbe bredaks;:;f slopes. Local landslide debris from foothills
Prior to about 1825, the character of the land in the Willamette River basin was controlled Sggion;gzellgs:};a:g:lghe gnwror:r?ental factors considered in this study were climate, L Lén gthy discussions of thé physiography, climate, geology, solls, and hydrology of the complementary discussions on underlying rationales, substantiating information, and possible The province map with accompanying features provides a basic tool for examining the Qpn, Qpln) g;%dskr;::;ﬂg <112 percent, butlocally up to 20 percent onterrace scarps or where bank sloughing of valley-floor tetrace scarps occurs. contributed by gravel terraces and old gravel ta(;ra\crzsey buttes can occur immediately upslope of
primarily by climate and natural terrain characteristics. In the past 150 years, man has greatly ) i SOUS; /ane, vegetalioh, f y ’ ’ ’ refinements. As previously noted, the Brown report focuses on the Molalla River basin (fig. 2); basinwide condition of the erosional-depositional system. However, the utility of the map for anxs. outwash fans during flood conditions. :
{

upset the natural equilibrium among these factors, primarily through extensive changes in
vegetative cover. Insofar as the river basin is concerned, the course of human alteration has been
neither wholly planned nor regionally directed. Instead, at various times, scattered areas of the
basin have been changed to suit a myriad of purposes. This overlapping of human designs has
ultimately caused severe environmental problems including massive land deformations and
sediment-laden streams.

Some of the environmental problems (effects) can clearly be associated with the responsible

2. Mapping of existing erosional-depositional features. This is accomplished through
interpretation of high altitude color infrared (IR) imagery verified by field checking and
low altitude, aerial photographs. The features are mapped by symbol directly onto the
erosional-depositional province map.

3. Analysis of land-use activities. Land-use activities in the basin are determined from
field-checked interpretation of color IR imagery. The identified activities are then
evaluated and ranked according to the degree to which they disturb the terrain surface.

: " 4. Development of a problem-impact matrix. This is done by developing order of magnitude e
land-surface changes (causes). However, there are many land- and river-quality problems that . - e . v o 3 R i : e 8 ; ; : e
are far separated in time or space from the initial alteration. The linkage between such problems .estlm‘ate(si for the erospng} and deposxt}f)nal impacts _that occur from t'he application of I { concept for delmeatmg‘ distinctive erosional and depc.»smor?al provinces. . evalu’?tt:on can gie madeﬁof ﬂ]}et “chlPaCt l?f m?wn Oflhthe erosion ar}d dtel?OSmC{n- ) o geology and slope are the province-defining factors in the Willamette River basin, and (2) the WITH TERRAIN PROPERTIES OF GEOLOGY AND SLOPE, WILLAMETTE RIVER BASIN. ACTIVITIES IN THE WILLAMETTE RIVER BASIN.
and their causes is difficult if not impossible to detect from scattered observations of erosional identifie lar;::l-usg activities on_the dle me}ated terrain }jnlts. T.he estimates are based P In general., a province can be defined as a terraxp unit that, owmg‘t‘o its natural physical - ti rtn'ecet nlgi section r;; e st\:;{l ing tyglo. esTsﬁcor-xcermng e major (tatrllv%rvqﬁmen a degree to which land-use activities accelerate erosion depends primarily on the extent and degree Slope
processes and routine water quality data. A holistic view of the basin is necessary to identify the up;n a ior_nl (;ngtl;n fcr)f the Ur}llvgrsa} S?ﬂdl!_o.ss Eguatloln; §ed1m<;nf';produchon data, g : properties, exhnblt's cha‘ractensnc types and rates qf erosion and (or) deposition. Ip abroad sense, ;ic o:sb :i ncog f1rc>t herrf?m-sfl;docre 2l rln tgz as od ex; l;ear v% th?aCt or)der;scljortl in ert i ]artrixet:e of vegetal disruption. (percent) 0-3 3.9 749 12-20 20-60 >60 Land use- References utilized
causes of such problems and to develop adequate information for analysis and control. f © lglen -ylz “ i gm ?Tl? o Zu = anl deva qegtlonl? e type, number, é an erosional province is an association of distinctive landforms such as mountain peaks, ridges, h o‘;ﬁ ° ean cous im © s vi rosi ;’ thl aﬁ artl theS%asiraleI % dﬁconsx f I o eﬁi Tek :tey The body of the matrix contains order-of-magnitude “‘erosional impact ratings” that E:l Ratings of 102 or less reflect Fsnlse g erosional Remarks in deriving
The significance of the aerial image is that it portrays land processes and surface alterations at A ocation, and magnitude of the mapped erosional-depositional features. . \ and l’}lll.S]Opes geperr:xlly subject to progressive erosion. Slmllarly,'a depositional province is an g impacts on erosion throughou - In addition, natural vegetation exerts a represent the products of the three sefs of factors. Each rating is intended to approximate the low erosional impact T T— St Tl s e e
. A . s shown in figure 1, the four-step approach leads to the production of an . } . s association of distinctive landforms such as alluvial fans, flood plains, and marshlands generally homogeneous impact by preventing the occurrence of accelerated erosion. Natural vegetation : : ulti licati < : 10~=2 10— 100 10t 10? 10° .
a scale previously unavailable to the resource analyst. For example, hydrologic effects of clearcut " " . . ; Source: Willamette Basin Task Force, . X . . s . ; : . : : ] average annual production of sediment resulting from application of the specified land use on the factor factor2 impact factor
ol 4 . ) I erosional-depositional province map and a problem-impact matrix. Together, these two tools 1969, Appendix A, p. 11-6 o subject to progressive accumulation (deposition) of sediments. becomes a variable factor in basinwide erosion only through its removal; consequently, in a later identi i i i > i ~i 1
ogging have been studied and partly understood for basins having areas up to a few square miles. id 470 7% ; . p : 4 \ s ; . . : p ; ; - identified type of terrain. The estimated production values range from<10°® to>10® tons per acre Ratings from 107! to 10* reflect
However, the collective effects of hundreds of partly clearcut basins on the hydrology of a major presdenasmeceianmes ad mavapessaiiuintonation forssessing the fopss of wous land T . Such associations of landforms are readily apparent from a regional overview of the section of this report (Development of an Erosional Impact Matrix) we treat vegetation as a proxy per year (=<10® to >102 (t/hm?)/year.). moderate erosional impact Geologic group! Vi/Ve \ C: Va/lx S C L Sz C. L2 S25 Cz L
. ! . . . ogy ) uses on the major types of terrain in the basin. % Willamette River basin (figs. 2 and 3). For example, the western flank of the Cascade Range and for land use. - . . . . . . ' CONSTRUCTION AND EXCAVATION Construction activities remove vegetation, deeply disturb soils
river system have been infrequently considered and poorly perceived. But today, through use of Inthe Willarnefts River bag s the foupsh hi d with tw ¢ 0 10 20 MILES N h ¢ . d’b ioral Of the five original factors, topography (slope steepness) and geology exert the most widel In the matrix, the five geologic categories on the horizontal axis are identical to those used to I . Goolod ‘onal artifically st ) d S di d
the synoptic view, the analyst can begin to consider and perceive the impacts of interactive i £ thver tasin, wse of the layrsiepapproach 1 concemed. wilty kwerfypes. o N the eastern flank of the Coast Range are dominated by erosional processes. In both areas, the land ok griaLSacies, INPOGIRE LY Ieape SEech Heslog) & 08t Wilew define the erosional-depositional provinces on map. In contrast, the matrix includes six atings of 10° or greater reflect cologic-erosiona 10° 10° 101 10° 10 101 10° 10t 101 100 10 10—1 100 Heavy—road building, subdivision construc- 102 5 Colllord s aitiies. oo strorona it inerease _ !
basinwide processes erosional processes, namely fluvial erosion and mass wasting. Fluvial erosion is the detachment . T v N surface owes much of its shape to the progressive removal of soil and rock. In contrast, the variable impacts on basinwide erosion. Thus, the working hypotheses for these factors contain the slope-gradient intervals rather than the two intervals (<12 and>12 percent) used in delineating the major erosional impact. factor tion, commercial excavation, strip mining. i land-usg activiies, sonstuclionaggiviies cause'the vnail (1973); Guy (1970
‘ and downslope movement of earth materials, primarily by flowing water. Rills and gullies are Willamette Valley is dominated by depositional processes. The flat to gently sloping plains that criteria needed to define regional scale erosional-depositional provinces for the Willamette River : ; : . / ; ' iy D : i . highest rates of erosion, although only for the period of time Wolman (1967).
‘ / S ‘ ] b : : ! - provinces on the map. Thus, in areas having detailed slope data, the matrix provides a means for Product2? 10—2 10—1 10—1 100 10t 100 10 102 10t 102 10° 102 10° Light—single dwelling construction, gravel pit 10t during which construction is active. Mass wasting and fluvial
examples of features produced by fluvial erosion. In contrast, mass wasting is the downslope characterize the valley have resulted from progressive deposition of soil and geologic materials. basin. making better site specific estimates of erosional impacts than are possible from the regional scale excavation, pipeline excavation i both acti
BACKGROUND, PURPOSE, AND METHODOLOGY movement of earth materials, primarily under the influence of gravity. Water as a “lubricant” is FIGURE 2.—Willamette River basin, showing major physiographic divisions Application of the criteria for slope and geology result in the identification of six erosional and (1:130,000) map. The 20 individual land-use acti\];;ges on the ver:tical axis were selegted on the Land use-erosional ’ . erosion are Bofh actve
. . . . R 4 . . B : e z . . & .. . y . . %i g : : s d
This is the third of three publications that deal with land-surface processes in the Willamette commonly myolved in mass wasting but is not an active transporting agent. Landslides and debris and the Molalla River basin. IMPACT OF ENVIRONMENTAL FACTORS ON EROSION AND DEPOSITION two d_eposmor}al provinces for t!'xe_ basin. Table 1 summarizes thg province deflnlng-proce?s_ by basis of their prevalence and socio-economic importance in the basin. As shown in table 3, the 20 Land-Use Activity impact factor3 Erosional impact rating
s flows are typical features resulting from i fating the criteria and by identifying the eight nd their m bols. In additi r : b= Developed urb ly have only minimal local
River basin. The first (Vickers and others, 1975) presented a semicontrolled, multicolored L utes resuiling. lom B1ass Wasting: For application to environmental planning, it is necessary to further divide these regional r}e]s Elg 16 c]rlgna ane dyes P yingiae gig Erovmcgsa I bk ok S?Im c:js.dna - oni activities comprise five major categories of land use. Mature forest 10—3 UREEH, ) e on b;xr - areast cohmmgnyl ove or: J ml?lmiedo-ca te >
photomosaic base of the basin. The photomosaic, developed from 1973 high-altitude imagery physiographic divisions by analyzing the environmental factors that control terrain surface the table includes pertinent information on the erosional, transportational, and depositiona The rationale for developing the weighting factors and impact ratings is based on the concept ature fores Metropolitan to suburban—dense residen- 10— SOIIO el SHrepLuEn Ceve CHTISING ate \eeer N Sty
. - . A > . Y Y activities, as well as the physical character of each province. The combined information was tial, industrial, or commercial devel t terrain where mass wasting may be triggered. However, the
provided by the National Aeronautics and Space Administration (NASA), provides an overview of PHYSICAL SETTING stabilite. The ke to this viocess js the derivation-of sound working hunothesesthatcan be tised 15 ! physic: ach province. ) that order-of-magnitude differences in annual sediment production (as a reflection of erosion Managed silviculture or nurse 10-3 %, ; ‘oF commercie developrier ’ : ; ’

S o o . ) Y P ghyp developed over a 3 year period from analysis of available earth-resource data, review of . ; e . : g i with more than 50 percent of the area imper- imperviousness of urban areas causes increased runoff and Leopold (1968); G
basinwide land-surface conditions. The second publication (Brown and others, 1979) described The Willamette River basin, a watershed of nearly 11,500 mi? (29,800 km?) (fig. 2), contains formulate meaningful criteria for the mapping of erosional-depositional provinces. For the b kie Tterat b4 ull)t tion with local S tists and pla field checked int tati potential) can be attributed to distinctive couplings of climate, terrain, and land-use. ~ The basis of . 5 vious and sewered . flood peaks that can cause severe erosion downstream, particu- 970, : )1,97231
the dgvelopment and testing of asynqp’ﬂc approaqh for analyging erosion as a guide to land use the State’s three largest cities, Portland, Salem, and Eugene, and approximately 1.4 million HIGH CASCADES—+ Willamette River basin, the derivation of hypotheses was tempered by four considerations: gtfaomlorlelc' lterature, cglns fa on Wll . <c)ica sc1tesnbls tk? nap 'nr:erts, H-e checked Interpretation the concept and the data used to formulate the matrix are contained in several publications but Forest regrowth or mixed woods & shrubs 10 Semirural—scatt er;a d residences on large 10-1 larly in stream channels. Because of the wide range of land- (1970); Knott ( )
planning. The approach was tested, with encouraging results, in a pilot study of the Molalla River people, representing 70 percent of the State’s population (1970 census). The basin supports an 1 1. The primary objective of the study is to provide regional overview of the major processes ot color I imagery, and prolessional judgments by the project stail. most importantly in those by Ursic and Dendy (1965), Wolman (1967), Judson (1968), and Hlelicopter o balloon logsing 10-2 vegetated lots with less than 25 percent %f surface conditions prevailing with urban land use, erosion rates
basin, a subbasin of the Willamette River basin. economy based on timber, agriculture, industry, and recreation, and contains extensive fish and | SWESTERN \ and problems of the erosional-depositional system, rather than a comprehensive Robinson (1973). anea impxervionsand, sewered, are perhaps more variable than for many of the other uses listed

Based on the same approach, the purpose of the present publication is to provide a working wildlife habitats. CASCADES \_ geomorphic investigation suited for site-specific interpretations. DELINEATION OF BOUNDARIES In formulating the matrix, the following process was used to develop the order-of-magnitude Metropolitan (developed) 10— in this table.
too! for geomorp!'mic analysis and regionl-scale environmental planning in the Willamette River The basin is roughly rectangular, with a north-south length of about 150 mi. (240 km) and an l~— COAST RANGE WILLAMETTE ™ 2. The need is for a simple, practical product that can be used by planners and managers. The erosional-depositional map of the Willamette River basin was prepared by compositing factors: Orchard with d 10—
ba51r}. .The premises of the approach are that (1) terrain properties determine the potential east-west width of 75 mi. (120 km). Elevations vary from less than 10 ft (3 m) near the mouth of P VALLEY BN The product must be compatible with the 1:130,000 scale photomosaic base. specially prepared slope and geologic maps onto a 1:130,000 scale photomosaic base (Vickers 1. A “standard” Willamette basin climatic, terrain, land-use condition was established. The sl il i AGRICULTURAL
erodibility of land in its natural state, (2) land-use activities represent cultural disruptions of terrain the Willamette River to 450 ft (140 m) on the valley floor near Eugene and to more than 10,000 ft s Cassitls Rarigs I\VAR 3. Alarge variability exists in the quality, quantity, and scale of basin earth-resource data maps. and others, 1975). Using an overlay approach and a reflecting projector, the geologic map was purpose of the “standard” was to define a quantitative beginning point around which Pasture or grassland (light grazing) 101 Fallow (bare soil) 10
St:lrfaces, and (3) dlfferer.lt. comblnat}ons of terrain properties and land-use activities result in (3,050 m) in the Cascade Range. ~ B 4. An exten§ive worldwid'e backgroynd e.xists of obseryatiqns, publications, and knowledge optically enlarged to scale match the photomosaic base. Flood-plain and terrain alluvium deposits the matrix could be expanded. The defined “standard” condition has the following ) — - . Cropland (row crops) 100 Fluvial erosion cause most sediment production in agricultural Ursic and Dendy (1965):
different types apd severities of groswnal' and depOS}tlonal problgms. The slopes and foothills of the Cascade Range account for more than 60 percent of the basin WILLAMETTE RIVER BASIN - — concerning the functions, relationships, and relative importance of the major factors were then outlined to identify the depositional provinces Vi and V- (table 1). Next, the upland properties: (a) climate—temperature, marine west coast with sustained low intensity Semi-rural (developed with light farming) 10 S O A —— 100 areas, except on steeper lands (>12 percent) used for orchards wr;ll‘;nzr:] (19?7)5_’ Robifisois
These premises form the basis for regional analysis of the erosional-depositional system and area. About 62 percent of the basin is timber land, located largely in the tributary basins. affecting the erosional-depositional system. silts and the upland competent and incompetent bedrock units were outlined. Finally, the slope rainfall and annual precipitation averaging 35 to 80 in (890 to 2,030 mm), (b) Paved rwoids well makitathed) 10—1 T . and pasture where mass wasting may also be significant in areas (1973) ’
for understanding the effects of land-use alternatives. The unifying approach consists of four Approximately 33 percent of the area is farmland, and the remaining 5 percent is urbanized and in FIGURE 3.—Cross-sectional profile of the Willamette River basin illustrating relative relief In concert, these four considerations dictated that the hypotheses be: (1) General and not map was scale matched to the photomosaic base. The 12 percent slope break was used to terrain—permeable, moderately erodible clay loam soil on a slope of 7 to 12 percent, (c) Orchard, with groundcover crop ) 10 of incompetent rock and unstable soils. ’
distinct steps (fig. 1): other uses. dimensions of the major physiographic divisions. overly concemed with minor terrain anomalies and special, localized conditions, (2) Suited to the separate the upland silts, competent, and incompetent units into<12 and > percent slope groups. land-use—agricultural row crops. Cable logging 10~ Pasture or grasslands (heavy grazing) 10°
2. Based on the “standard” condition, values were assigned to the empirical coefficients of P line (dirt maint 9 p— Pasture or grasslands (light grazing) 10!
the Universal Soil Loss Equation (Musgrave, 1947, Chow, 1964) presented below. An owerline [dirt maintenance roa
“erosional impact rating”’ (equivalent to “A’ in the equation) of 10° was established for Cropland 10° FORESTRY AND LOGGING
the “standard.” ; _, Logging activities remove vegetation, disturb soils, artifically
Universal Soil Loss Equation Orchard without groundcover 10° Ten-year old regrowth or mixed woods and 10 steepen slopes, and cause compaction in areas worked by
) shrubs (old logging roads partially over- tractors. Where logs are skidded, soil is laid bare and com-
123°00" 123°15’ 122°45 A=RKLSCP Pasture or grassland (heavy grazing) 10° grown) pacted, and channels are formed for rapid runoff. Roads are the Ursic and Deny (1965);
& = 46°00 where A=average annual soil loss, in tons per acre. 0 Mature forest (no roads) 102 most disruptive of all logging practices, particularly in areas of S B ot
5 g s pe ) Gravel roads 10 . . . Dyrness (1967); Fredricksen
S . : anageda SuUviIC re, mature nurs - 4 . H
R-anfal cosicert, o e Managed s maure e to+ | peompetet ok unabe sl Not bt e simated | (5753 uran an
. g . 5 .
K= soil-erodibility coefficient, il s Ti;a ctg; é)g)gmg (10-20 lineal mi/m# of log- 10 for construction. This apparent anomaly is due to our assump- %{1 912); dKl;jfd arllg73
L=slope length coefficient, Fallow agricultural land 10t gCagl . 1_4 lineal mym# of loggin 10— tion, for comparative purposes, of a standard 7-12 percent ochenderfer ( )
Gegl &t Hici d - - - e logging ( = ©ogging slope. Most logging activities occur on slopes between 20 to 60
5 P—s opf?1 eepnelss c(ci)e (;lenc';, an : Light construction and excavation 10t ll"c:a;‘ls) - 1 (1 lineal Lo percent and consequently cause greater impacts per unit area
, P=coefficients related to land-use activity and conservation practice. elicopter or balloon loggin inea - indi P table 2.
Coefficients for th tion have been devel tilf 1 i ; ith fluvial ; Temporary dirtroads (poorly maintained) 102 mi/ m?pOf logging roads) s e e
cients for the equation have been develo, rom long experience with fluvial erosion ; ; :
of “test plots” inctlh e South, Southeast, an dplslidwest Uni%ed IS)teates. For application to the Heavy construction and excavation 102 ~v .y Temp?r?ry dnrtr)oads (no improved drainage 10 Because of the inc.r(.aased runoff from paved or cgmpactgd road
“standard” Wi - " . . P : . ; . . ormaintenance surfaces and artifically steepened slopes associated with cuts, Fredricksen (1970); Kidd
standar Willamette Basin condition, it was necessary to reduce the rainfall 14S”__Surficial silt deposits, of lacustrine or loessal origin, locally mantling the bedrock of the 2Product of slope- and geologic-erosional factors. Gravel roads (some drainage and mainte- 10° roads and peripheral rights-of-way are prone to high rates of r‘; RC S:n dottes e
coefﬁleent, R ‘(and th.us A), by an order of magmtude. This was .do.ne to compensate for foothills in the northern part of the Willamette Valley. These upland silts are rapidly eroded by 3 . nance) erosion. Mass wasting is prevalent along cuts, and sheet and ril asn mmocr (eln9 7e3 ).eu 197}?),
EXPLANATION thf rlmlg sustained rains of the \I{\lhl}lamet:e Basin that, altl_}:oth Slmllall;m ac;/erage annual water and, when over saturated, are prone to mass movement as slumps and mudflows on See table 3 for details. Paved roads (substantial drainage and 10— erosion is common on exposed, steepened cut-and-fill slopes. ar? d Kifi d (19725 €gahan
otal, do not cause as much fluvial erosion as the intense thunderstorm-type moderate to steep slopes (S1— =12 percent slope; S:—>12 percent slope). “V”’—Surficial DAt . : : maintenance) Roads with good maintenance and drainage may have signific- ’
s Ji : p w S 3 . : ’ ’ Ratings are the product of land use, slope-, and geologic-erosional factors. The ratings were :
precipitation experienced in most of the “test plot” regions. weakly coherent, alluvial deposits readily eroded by water and prone to mass movement on . . ’ ’ ; . A i ii long ridaeli = -1 antly lower impact factors than shown here.
EROSIONAL- L . : , . v ) ep Y v p o Powerlines (utility road along ridgelines, min 10
OSIONAL-DEPOSITIONAL PROVINCES 3. Larlld—use acgvmes (tfable S) were grogped in an erolsmnal impact l:ilera{chy glased oré;hg steep slopes (Vi —<3 percent slope; V2 —=<12 percent slope). “‘I’—Incompetent, or weakly (aig:)l/e; to:roughly approximate the avemge erder-ofmagnitude sediment production In {fons/ imal cut and fill)
relative tendency of each activity to disrupt natural vegetation and soil conditions. Eac coherent, bedrock such as shale and tuff readily eroded by water and/or prone to mass ’

R —Sheet and Rill

Willamette River basin are presented in a series of reports by the Willamette Basin Task Force
(Main report, 1969; Study area, 1969; Hydrology, 1969; Land and watershed protective
measures, 1969). Readers interested in more details on these topics are referred to the series. The
present report used published information from many sources, but relied heavily on the Task
Force reports for general background data.

THE PROVINCE CONCEPT
A major aspect of the four-step approach presented in figure 1 is the development of a

however, the hypotheses and supporting data were developed to be applicable to the entire
Willamette River basin. Readers desiring more detailed information concerning the hypotheses
are referred to Brown and others (1979).

PROVINCE DEFINING CRITERIA
The objective of the province concept is to provide a basis for delineating the erosional and
depositional potentials of land in its natural state. Once the potentials are delineated, an

environmental planning can be greatly enhanced through conjunctive use of a scheme for ranking
the erodibility of different land surfaces within each province. The scheme developed for this
purpose is the erosional impact matrix (table 2). The matrix provides a systematic basis for making
predictive estimates of the relative impact, in terms of erosion, of human activity on different types
of terrain (provinces).

The horizontal axis of the matrix (table 2) is composed of order-of-magnitude factors for
geology and slope, and the vertical axis of erosional impact factors for selected land-use activities.
The inclusion of these factors follows from previous discussions where we indicated that (1)

intervals of 12-20, 20-60, and >60 percent. These assignments were based on
discussions with geologists and soil scientists familiar with erosional processes in the

1Source: Oregon State Water Resources board, Appendix [-2, 1969.

2Geologic units as described by Wells and Peck (1961).

For some units different groupings and

names have been given by Peck and others (1964), Beaulieu (1971), and Hampton (1972).

TABLE 2.—MATRIX FOR ESTIMATING INTERACTIVE EROSIONAL IMPACT OF LAND-USE ACTIVITIES

TABLE 3.—RELATIVE EROSIONAL-IMPACT FACTORS ASSOCIATED WITH SELECTED LAND-USE

a means for making tentative estimates of the erosional impact of human activities on various
lands in the basin. The following sequence of steps provides a guide for using the map and matrix:

as to land-use suitability, particularly for lands receiving ratings above 10*, should be based on
detailed site investigations.

purposes, the tools are flexible, because through interpretations of aerial photographs, they can
be regularly updated to provide information under rapidly changing conditions.

S activity was assigned an order-of-magnitude “activity impact factor” based upon: (a) movement on steep slopes (I —=12 percent slope; . —> 12 percent slope). “C”—Competent, 5Usually not present on slopes >50 percent. 1 Land-use activities were chosen on the basis of their prevalence and economic and social importance in the |
Se experience with the C and P coefficients of the Universal Soil Loss Equation and (b) or strongly coherent, bedrock such as layered lava flows and igneous intrusive rocks not readily basin.
L sediment production and sediment-yield data reported by the investigators listed in table eroded by water, nor generally prone to mass movement except for rock slides and rock falls 2 For comparative purposes, factors have been adjusted to reflect a “‘standard” terrain condition (see text and
L 3. from very steep slopes and cliffs (C: —=12 percent slope; C2—>12 percent slope). Brown and others, 1979, for discussion). The factors are intended to summarize the relative erosional

(See table 1 for 4. For the slope increments of 0-3, 3-7, 7-12, and 12-20, the erosional impact matrix was impact of different land-use activities.
C explanation) expanded about the 10° “standard” by adjusting the “S” coefficient of the Universal
Ca Soil Loss Equation. The 20 percent slope represents the approximate upper limit of
Vi experience and utility of the equation. In the upper part of the 12-20 percent range,
V2 \r;/ialls;;::tigngag: enormere, e el {fusel emoain, begin. I dominzle I the USES OF THE MAP AND MATRIX The erosional-impact ratings in table 1 were developed as guidelines for regional planning CONCLUSIONS REFERENCES

B, ‘To-estirante the Wicisased erosionsl impact of masswasting yhencniens on dopes>12 BASINWIDE PLANNING purposez.l ngg 1miact ratm%s go not m:.cessanly mean tha; a proposeg ]ceimg-usle. cgnnot be The eromonfa]-potentlal map an.d matrix are useful tools for (1) immediate land-}xse planning, Beaulie, J. D., 1971, Geologic formations of westem Oregon (west of longitude 121°30"):

EROSIONAL FEATURES percent, weighting factors of 10%, 102, and 10°® were assigned, respectively, to the slope In conjunction with the erosional-depositional province map, the completed matrix provides reasonebly nnderfaken provided striugent conservatlon prachices are Bppred. Fibal [Hegemants and (2) the design of data-collection programs to assess land and water quality. For both Oregon Department of Geology and Mineral Industries Bulletin 70, 72 p.

Brown, W. M., Hines, W. G., Rickert, D. A., and Beach, G. L., 1979, A synoptic approach for
analyzing erosion as a guide to land use planning: U.S. Geological Survey Circular 715-L,

1. Locate the parcel of land for which a particular land-use activity, or set of activities, has (In press).

G — Gully erosion Willamette River basin.

L —Landslide ' 6. Based on empirical observation,the geologic units defined on the map were ranked as to been proposed. Chow, V. T, 1964, Handbook of applied hydrology; a compendium of water-resources
E —Earth flow or debris flow their susceptibility to mass wasting. Order-of-magnitude weighting factors were assigned 2. Identify the province in which the proposed activity would occur and examine the DEVELOPMENT OF DATA-COLLECTION PROGRAMS technology: New York, McGraw-Hill, 1 v., 29 sections (various paging).
T —Talus ) as shown on the horizontal axis of the matrix. prevailing patterns of land-use activities and erosional features. The existence, or The erosional-province map and impact matrix were initially developed as tools for land-use Dymess, C. T., 1967, Mass soil movements in the H. J. Andrews experimental forest: U.S. Forest

Service Research Paper PNW-42, 12 p.

Fredricksen, R. L., 1970, Erosion and sedimentation following road construction and timber
harvest on unstable soils in three small western Oregon watersheds: U.S. Forest Service
Research Paper PNW-104, 15 p.

Glenn, J. L., 1965, Late Quaternary sedimentation and geologic history of the North Willamette
Valley, Oregon: Ph. D. thesis submitted to the Graduate School of Oregon State University,
Corvallis, Oreg., 231 p.

Guy, Harold P., 1970, Sediment problems in urban areas: U.S. Geological Survey Circular
601-E, 8 p.

Hampton, E. R, 1972, Geology and ground water of the Molalla-Salem slope area, northern
Willamette Valley, Oregon: U.S. Geological Survey Water-Supply Paper 1997, 83 p.
Judson, S., 1968, Erosion of the land, or what's happening to our continents? American Scientist,

v. 56, p. 356-74.

Kidd, J. W., and Kochenderfer, J. N., 1973, Soil constraints on logging road construction steep
land east and west: Joumnal of Forestry,v. 71, no. 5, p. 284-286.

Knott, J. M., 1973, Effects of urbanization on sedimentation and flood-flows in Colma Creek
basin, California: U.S. Geological Survey open-file report, 54 p.

Leopold, L. B., 1968, Hydrology for urban land planning-A guidebook on the hydrologic effects

' of urban land uses: U.S. Geological Survey Circular 554, 18 p.

x } Megahan, W. F., and Kidd W. J., 1972, Effects of logging and logging roads on erosion and

B —Streambank failure absence, of erosional features and their type will indicate to some degree the possible
magnitude of erosional impact in terms of land deformation that would be generated by
the proposed change in land-use activity.

3. Note the prevailing geologic and slope conditions for the area in question by cross
referencing (a) the province (for example, I2) within which the parcel of land is enclosed
with (b) the geologic and slope criteria shown in table 1.

4. Enter the matrix body under the specified combination of slope, geology, and land-use
activity. Note the appropriate erosional-impact number or range of numbers. An impact
rated below 10! indicates minimal potential for erosion, and, hence, little or no need
for conservation practices. Impacts in the 107! to 10* range indicate that moderate to
high erosion could be generated and hence that conservation practices may be required.
Impact ratings of >10? indicate that high to extraordinary high erosion impacts are likely
to be generated and that the proposed land-use activity should either be questioned or
carefully controlled through application of strict conservation practices.

planning. However, these tools also provide a practical framework for development of improved
data-collection systems for defining the relationships of human activities to land and water
quality.

As a basis for designing data-collection programs, the map and matrix serve to show where
erosional and depositional problems are most prevalent and also where new problems are most
likely to occur. Areas mapped as having severe erosional problems will probably be prominent
sources of land-runoff pollution. In such areas, sediment will commonly be the major
water-quality concern. In addition, plant nutrients, pesticides, and metals will also tend to move
into streams by virtue of their attachment to sediment particles. Thus, by using a province map,
data programs can be spatially designed to define better the cause-effect relationships between
land-use and water quality. Moreover, an erosional-impact matrix provides helpful collaborative
information for selecting baseline and other comparative areas. Once the spatial framework of a
data program is defined, the optimum timing and frequency of sampling can be readily
determined through analysis of climatic and streamflow records.

7. The weighting factors for slope, geology, and land use were multiplied and the calculated
“erosional-impact ratings”” were placed in the appropriate position in the matrix body.
8. Finally, the matrix was checked for internal consistency and ‘“‘fine tuned” to be
compatible with restilts of sediment production and yield data in the Pacific Northwest.
The vield data used to develop values reported in table 3 were gleaned from studies
(see references, table 3) on small drainage basins and, therefore, should closely
approximate sediment production values. Because the ratings are reported as
order-of-magnitude, this estimation process should produce useful qualitative data.
The erosional-impact matrix presented in table 2 is, thus, the integrated result of reported
data, empirical observation, and professional judgment. The ratings must be considered as
approximations rather than exact numbers that are rigorously quantifiable and verifiable.
However, their rough equivalency with the notion of “sediment-production potential” gives the
ratings a meaningful conceptual and empirical basis not possible with an arbitrary ranking
scheme.
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