
SURVEY TECHNOLOGIES

DEPTH SOUNDER /  PLOTTERS

DEPTH SOUNDER /  PLOTTERS WITH GPS
DEPTH SOUNDER INTERFACED WITH GPS

SURVEY TECHNIQUES

TRANSECT SURVEY WITH AIR PHOTOGRAPHS

RANDOM SURVEY BASED ON LAKE STRUCTURE

FIELD CHECKING DRAFT CONTOURS

COLLECTING LAKE BOTTOM SAMPLES

EXPORTING GPS DATA TO GIS (ARCVIEW)

SOFTWARE BASED INTERPOLATION

LAKE MEASUREMENT WITH GIS
LAKE AREA 

LAKE VOLUME

IMPACT OF DAM OR LAKE LEVEL DRAWDOWNS

LENGTH OF SHORELINE

DEVELOPED SHORELINE -  ERODED SHORELINE 

MAPPING DEPTH DATA

PLOTTING DEPTH CONTOURS

CONTROLLING FOR INTERPOLATION ERROR

ATTUNING CONTOURS TO LANDFORMS 

FLUVIAL  GLACIAL 

GEO-PROCESSING  SURVEY  DATA

LAKE  SURVEY

DRAW SHORELINES AND DEPTH CONTOURS

DRAW AND LABEL ROADS AND CIVIL DIVISIONS

SCAN, EDIT AND ADD PHOTO /  IMAGES

CONSTRUCT LAKE AREA AND LAKE VOLUME GRAPHS

PRINT DRAFT •  REVIEW • EDIT ARTWORK

SYMBOLIZE DEVELOPED AND ERODED SHORELINE 

LOCATE & SYMBOLIZE BOAT LANDING AND PARKS

LOCATE & SYMBOLIZE LAKE VEGETATION INFO

LOCATE & SYMBOLIZE LAKE BOTTOM SEDIMENTS

LOCATE & SYMBOLIZE FISH CRIBS AND HAZARDS

MAP CONSTRUCTION IN I LLUSTRATOR

MAKE CHANGES AND CORRECTIONS TO MAPS

MAKE FINAL CHANGES AND CORRECTIONS TO MAPS

REPEAT REVIEW CYCLE 

MAP REVIEW AND EDITING

NSP • USACOE • LAKE MANAGEMENT GROUPS

REVIEW BY OTHER FUNDING AGENCIES

DNR

DEPTH CONTOURS AND MAP CONTENT 

REVIEW BY WISCONSIN DNR

ADHERENCE TO DNR LAKE MAPPING STANDARDS

CONVERT MAP FILES TO PRINTER'S FORMAT

PRINT MAP BOOKLETS

MAP PRINTING

TEST PRINT FILES ON HIGH RESOLUTION PRINTER

FINE-TUNE GRAPHICS AND EDIT AS NEEDED

DIVIDE MAP INTO BOOKLET PAGES 

DESIGN OF PRINTING FORMAT AND LAYOUT

FINAL DNR APPROVAL OF MAP

B ATHYMETRIC  M APPING W ORKFLOWB ATHYMETRIC  M APPING W ORKFLOW

NSP OTHER AGENCIES

1

2

3

4

5

DEPTH MEASUREMENT 

WEIGHTED

DEPTH STRING

PRE 1960 50 '  GRID

SURVEYED ON ICE

2-5  METERS XY-Z POINT DATA

COLLECTED AT

GRID INTERSECTIONS

PRODUCED F IRST

GENERATION OF LAKE MAPS 

LOWRANCE GRAPHING

DEPTH SOUNDER

1960-1992 LOCATING TRANSECTS ON 

AERIAL PHOTOGRAPHS

3-30  METERS
Problems Wi th

Big  Lakes

TRANSECT DATA

PLOTTED ON

AERIAL PHOTOS

GRAPHING SOUNDER

RECORDS ALL DEPTHS

ALONG TRANSECTS

LOWRANCE GRAPHING

DEPTH SOUNDER

1992-1996 LOCATING TRANSECTS WITH 

TRIMBLE PATHFINDER GPS
2-10  METERS TRANSECT DATA

LOCATED BY

GPS IN A GIS

GPS IMPROVES 

ACCURACY IN 

LOCATING TRANSECTS

FURUNO DEPTH

SOUNDER WITH

NMEA OUTPUT

1997-1999 DEPTHS LOCATED AS 

POINTS WITH TRIMBLE

PATHFINDER PROXR GPS

1 METER XY-Z POINT DATA

ORGANIZED ALONG TRANSECTS

WITH FREE-FORM DEVIATIONS

IN AREAS OF INTEREST

FREE-FORM SURVEY NOT 
RESTRICTED TO TRANSECTS

AND AUTOMATED DATA

COLLECTION INTERFACING

DEPTH SOUNDER AND GPS

HUMMINBIRD WIDE3D
DEPTH SOUNDER WITH

S IX BEAM D ISPLAY

1999-2000 DEPTHS ENTERED AS 

POINTS WITH TRIMBLE

PATHFINDER PROXR GPS
WITH DATA LOGGER

1 METER XY-Z POINT DATA

ORGANIZED ALONG TRANSECTS

WITH FREE-FORM DEVIATIONS

IN AREAS OF INTEREST

HIGH-SPEED, HAND-ENTERED

DATA COLLECTION OF 600  TO

1,000  DATA POINTS PER HOUR

GEO-REFERENCING 
POSITIONAL
ACCURACY

SURVEY STRATEGY INNOVATION
T IME

FRAME 

ADVANCES  IN   LAKE  SURVEY  TECHNIQUES

TRADITIONAL PEN  &  INK 

L INE ARTWORK

PHOTO-CHEMICAL

MAP PRODUCTION

SCREENING DEPTH SHADING

PRODUCING COLOR SEPARATIONS
HAND DRAW CONTOUR L INES

AND OTHER  MAP FEATURES

COORDINATE-BASED L INEWORK

ORGANIZED IN MAP LAYERS 

3D T IN  SURFACES

DYNAMIC 3D  IMAGES

RELIEF SHADINGGEO-REFERENCED MAP FEATURES

COMPLETE ARTISTIC CONTROL

VIA ADOBE ILLUSTRATOR  

H IGH RESOLUTION MAP PRODUCTION

WITH IMAGE SETTER PRINTING

COMPOSITION OF MULTI -MAP BOOKLETS

MAPS SUPERIMPOSED OVER

DIGITAL AERIAL PHOTOGRAPHS 

HYBRID OF ADOBE ILLUSTRATOR

AND ADOBE PHOTOSHOP  SKILLS

CONSTRUCTION OF LOCATIONAL MAPS 

H IGH-END

MAP PRODUCTION

LOW-END

MAP PRODUCTION

MAPPING
TECHNOLOGY

MAP  PRODUCTION  TECHNIQUES

MAP  PRODUCTION

LOCATE GRID ON MAP OR 
AERIAL PHOTOGRAPHS

PLOT INTERSECTION DEPTHS

DRAW SHORELINE BASED
ON GRID OR AERIAL PHOTO

MANUAL INTERPOLATION OF
CONTOUR DEPTH POINTS 
ALONG GRID L INES MAP-BASED

MEASUREMENT

SKILLS

MAP-BASED

MEASUREMENT

SKILLS

COORDINATE-BASED

GIS MEASUREMENT

COORDINATE-BASED

GIS MEASUREMENT

HAND DRAW CONTOUR L INES
CONNECTING  CONTOUR
DEPTH POINTS

HAND DRAW CONTOUR L INES
CONNECTING  CONTOUR
DEPTH POINTS

HAND DRAW CONTOUR L INES

GENERATE DEM
INTERPOLATION OF CONTOUR L INES

F L U V I A L  L A K E S

G L A C I A L  L A K E S

COMPUTER INTERPOLATION OF
CONTOUR L INES

CHECK FOR
INTERPOLATION ERROR

CHECK FOR INTERPOLATION ERROR

LOCATE TRANSECTS ON MAP OR 
AERIAL PHOTOGRAPHS

LOCATE CONTOUR DEPTH POINTS 
ALONG TRANSECTS

DIGIT IZE DEPTH POINTS 
ALONG TRANSECTS

DRAW SHORELINE

USE GPS POSITIONS TO PLOT
SHORELINE AND TRANSECTS 

USE GPS POSITIONS TO PLOT
SHORELINE AND XY-Z  POINTS 

PLOT SHORELINE AND
DEPTH POINTS OVER A DOQ

SYMBOLIZE DEPTH POINTS

MAPPING
SURVEY DATA 

MAPPING
DEPTH CONTOURS

SURVEY
STRATEGY

CALCULATION OF
BATHYMETRIC STATISTICS

GEO-PROCESSING  TECHNIQUES

H U M A N  T E C H N O L O G Y

G P S  A N D  G I S  T E C H N O L O G Y

Bathymetr ic  mapping employs a  d iverse set  o f  car tographic  sk i l l s  
proceeding f rom the survey o f  lake depths,  to  the in terpo la t ion o f  
depth contours, and the design and print ing of maps that meet DNR 
standards.   Over  the past  20 years ,  advances in  GPS,  GIS and 
PostScript mapping technologies have reshaped bathymetric mapping 
methodologies.  While the impact of these new technologies is evident 
in  a l l  th ree s tages o f  bathymetr ic  mapping,  knowledge of  g lac ia l  
and f luvial  landforms remains a cr i t ical  asset for accurate mapping.       

A  deta i led and thorough lake survey is  
crucial for the construction of an accurate 
bathymetric map.  With the advent of GPS 
technologies, free format xy-z point surveys 
have replaced transect surveys and 'Game 
Boy' data entry techniques yields a high 
number  o f  depth po in ts .  

The second s tage of  bathymetr ic  mapping invo lves us ing the 
lake survey to locate depth contours and calculate lake statistics.  
Geographic Information System (GIS) technologies provide fast 
and accurate  coord inate  based measurements  o f  lake area 
and volume, and can accurately locate depth contours for glacial 
lakes.  However, f luvial lake structures are sti l l  most accurately 
mapped manual ly,  using survey data and knowledge of  f luvia l  
features to  locate  contours .  

The f ina l  s tage of  bathymetr ic  mapping may be cons idered 'presentat ion. '   The 
des ign and product ion o f  a  bathymetr ic  map should  fac i l i ta te  easy in terpreta t ion 
o f  lake depths and s t ruc tures.   PostScr ip t  map product ion v ia  Adobe I l lus t ra tor  
faci l i tates the construct ion of  smooth contour l ines,  wi th shading appl ied to c lar i fy  
the sequenc ing o f  depths.   To fur ther  a id  in terpreta t ion o f  locat iona l  features,  
depth contour  features may be p laced over  scanned aer ia l  photographs or  DOQ 
images to create a bathymetric PhotoMap.  PostScript graphics support high-resolution 
image set ter  pr in t ing o f  lake maps and book le ts ,  and PDF f i les  for  web d isp lay.       

LAKE  SURVEYABSTRACT GEO-PROCESSING

LAKE  SURVEY

TECHNOLOGY
COMPARISON OF MAPPING STRATEGIES FOR

GLACIAL AND FLUVIAL LAKES

GLACIAL LAKES

LAKE
SURVEY

KNOWLEDGE
OF LAKE

STRUCTURES

LOCATING�
DEPTH

CONTOURS

HUMMINBIRD WIDE3D DEPTH SOUNDER

WITH S IX BEAM D ISPLAY

TRIMBLE PATHFINDER PROXR GPS

TRIMBLE ASSET SURVEYOR DATA LOGGER

SURVEY TRANSECTS NAVIGATED 
 TO CRISS-CROSS GLACIAL

DEPRESSIONS
 

GENERATE DEM BASED ON 
     XY-Z  DATA POINTS

INTERPOLATION OF CONTOUR L INES

SET INTERPOLATION PARAMETERS

GLACIAL LAKES ARE WELL SUITED FOR A 
GIS RENDERING OF LAKE STRUCTURE

CHECK FOR INTERPOLATION ERROR

The HumminBird  Sounder  prov ides  an accurate  reading of  water  
depth  d i rect ly  be low the  boat ,  and wi th  a  6  beam scan,  generates  a  
3D p lot  o f  lake  s t ructure  on e i ther  s ide  of  the  boat .   Bathymetr ic  
Data  Entry  Technic ians read depths  of f  the  screen,  and enter  depths  
v ia  the  data logger .   The sounder  is  p laced at  the  f ront  o f  the  boat ,  
such that  in  the  t ime i t  takes  to  enter  the  depth ,  the  boat  wi l l  move 
the  GPS antenna over  the  point  where  the  depth  was recorded.   The 
3D p lot  is  a  ro l l ing  d isp lay  of  lake  s t ructure  on e i ther  s ide  of  the  
boat  -  and is  used to  locate  areas  of  complex  s t ructure .

The ProXR is  a  12  channel  GPS rece iver  wi th  a  rad io  beacon 
processing rea l - t ime Di f ferent ia l  GPS correct ions.   Wi th  adequate  
sate l l i te  posi t ions (PDOP <4) ,  the  ProXR at ta ins  sub-meter  
accuracy on the  f ly .   The  accuracy of  the  ProXR,  combined wi th  a  
sounder  in ter face  or  'Game Boy '  data  entry ,  fac i l i ta tes  a  ' f ree  
format '  survey ,  ra ther  than the  more  rest r ic t ive  t ransect  
nav igat ion.   S imply  put ,  the  boat  can be  nav igated throughout  the  
lake  in  any fashion.   The goal  is  to  co l lect  a  great  number  of  XY-Z  
data  points  spat ia l ly  d is t r ibuted throughout  the  lake .  

The Tr imble  Asset  Surveyor  Data  Logger  supports  two modes of  XY-Z  data  
co l lect ion.   F i rs t ,  the  Data  Logger  may be  in ter faced wi th  a  sounder  v ia  a  
RS232 data  por t .   The  Data  Logger  reads NMEA depth  data  f rom the  sounder  
every  10-20  seconds,  and merges depths  wi th  la t - long coordinates .  The 
'Game Boy '  method of  hand-entered depths  y ie lds  a  much faster  ra te  of  
data  co l lect ion.   F i rs t ,  a  data  d ic t ionary  is  created that  inc lude point  
features  for  every  one foot  o f  lake  depth  ( i .e .  1 ,2 , . . .87 ) .   As  the  boat  
nav igates  the  lake ,  the  Data  Entry  Technic ian  reads depths  of f  the  screen,  
and toggles  through the  data  d ic t ionary  to  the  appropr ia te  depth ,  and then 
records a  GPS posi t ion  named for  i ts  depth .

S IGNIF ICANT METHOD PRODUCED ERRORS 
OCCUR WITH GIS INTERPOLATION THAT 
OFTEN GENERATES GLACIAL-L IKE 
DEPRESSION CONTOURS.   
DESPITE ALL THE AVAILABLE 
TECHNOLOGY,  MANUAL INTERPOLATION,  
BASED ON A PLOT OF COLOR CODED 
DEPTH POINTS AND AN EXTENSIVE 
KNOWLEDGE OF FLUVIAL STRUCTURES,  
STILL Y IELDS THE BEST RESULTS.

FLUVIAL LAKES
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