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What is a Digital Elevation Model ?

A Digital Elevation Model (DEM) is a digital
model or three dimensional (3D) representation
of a terrain’s surface created from elevation
data. The term DEM was introduced in the
1970s with the purpose of distinguishing the
simplest form of terrain relief modelling from
more complex types of digital surface
representation. Originally the term DEM was
exclusively used for raster representations
(thus elevation values given at the intersection
nodes of a regular grid).



DEM -DTM - DSM

Digital Terrain Model (DTM) is a DEM of the
shape of the ground surface. Digital Surface

Model (DSM) is a DEM of the shape of the
surface, including vegetation, infra-structures
etc. Both a DTM and DSM can be a DEM and,
moreover, "elevation” would not have to relate
to terrain but could relate to some subsurface
layer such as groundwater layers, soil layers or
the ocean floor.
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As topography is one of the major factors in
most types of hazard analysis, the generation
of a Digital Elevation Model (DEM) plays a major
role.

Digital Elevation Models (DEMs) can be derived
through a variety of techniques, such as
digitizing contours from existing topographic
maps, topographic levelling, EDM (Electronic
Distance Measurement), differential GPS
measurements, (digital) photogrammetry, Radar
remote sensing (InSAR), and Light Detection
and Ranging (LiDAR).



Many derivate maps can be produced
from DEMs using fairly simple GIS operations.

These days a wide range of data sources can be
selected for the generation of DEMs.

The selection depends on the data availability
for a specific area, the price and the
application.



DEMs and their application in Hydrology

(drainage, erosion, evapotranspiration, snow
melting, ground water,...)
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Sources for DEMs

Photogrammetric processing of stereo aerial photos

Laserscanning (LIDAR)

Interpolated digitized contour lines from topographic
maps (still one of the most important method)
drawbacks:

— unfavorable distribution of points: dense on
contours, gaps in between

— generalization on the original map depending on the
map scale

Improvements:

— add singular points for prominent morphological
lines and points

— use specialised interpolation algorithm, e.g. Topo to
Raster in ArcGIS



Topo to Raster (contour interpolation)

is a specialized tool for creating hydrologically correct
raster surfaces from vector data of terrain components
such as elevation points, contour lines, stream lines, lake
polygons, sink points, and study area boundary polygons.
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(iterative finite difference interpolation technique, uses
this knowledge of surfaces and imposes constraints on the
interpolation process that results in a connected drainage
structure and correct representation of ridges and
streams, drainage enforcement algorithm, ...)

10



IDW

Topogrid (Arc/Info)
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Other DEM derivatives based
on filter kernels

* hill shading (pseudo terrain)
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Other DEM derivatives based on

~ filter kernels
* solar radiation

Using the area solar radiation analysis, the global insolation
(direct+diffuse, WH/m2) has been calculated for the entire study
area showing where the highest amounts of radiation are during the
summer months. (red = high insolation, blue = low insolation).
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Application

- Topographic mapping

- Flood modelling

e Landslide
mapping

e Coastal
mapping

e Other detailed
hazard mapping

- Elements at risk
mapping

Mapping scale

1

:200.000

:50.000

:10.000

:5.000 or larger

: 5.000 or larger

:2.000 or larger

:2.000 or larger

:2.000 or larger

:2.000 or larger

Specification

Horizontal
(resolution)

30 m.

10-15 m.

5m. or<

1m.

A5 =1

0.5m.or <

0.5m.or <

0.5m.or <

0.5m.or<

EO S EO sources

Vertical
(Accuracy)

e

1m.

1m.

1-0.5m.

0.5mor <

0.5m.or <

0.5m.or <

0.5m.or <

0.5m.or <

Remarks

SRTM, ASTER Free download

WorldDEM / Terra

SAR-x, SPOT 5 DEM Derivatives :

Aerial photo, LiDAR . y
P e Hill-shading
e Contour lines / spot

WorldView2 / GeoEye2 heights

Aerial photo, LiDAR

LiDAR DTM/ DSM
DEM Derivatives:

LiDAR DTM
e Slope aspect
e Slope form / length
e 3-D Visualization
LiDAR DTM
LiDAR DTM
DEM Derivatives:
LiDAR DSM e Height & volume of

buildings
e 3-D Visualization
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where to find DEM?

- ASTER GDEM: http.//asterweb.jpl.nas
a.gov/qgdem.asp

* SRTM: http.//wwwl, jpl.nasa.gov/srtm/

* WorldDEM™: http.//www.geo-
airbusds.com/worlddem/

« 6TOPO30: https.//Ita.cr.usgs.qov/GTO
PO30




Applications in Hydrology

Watershed characteristics:

* terrain elevation

* aspect

* slope

* size of watershed

» maximum and average flow length
» plan and profile curvature
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slope, aspect and curvature
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based on 8 neighbor cells
‘realized as different filter kernels
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Flow direction (Idd = local drain direction)

D8 (deterministic) agorithm:

- steepest downhill slope
- discretization: only steps of 45°
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Idd
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Flow accumulation

Downhill accumulation (upstream element map):
number of cells on a direct uphill path
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correction
ﬁ

flow accumulation

‘ﬂow routing
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Upstream element map
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Stream network

Defining stream channels:
all cells with value above a
threshold,

fot

e.g. s
if (upstreamelements > 2000) then
value = 1
else
value = 0
end if

»

23



Operations on stream network

— ordering of segments (e.g. Strahler numbering)

— calculation of a time-area diagram to determine a
instantaneous unit hydrograph (TUH)

— characteristic parameters of the stream network
 Channel Length

— The distance measured along the main 2 1./
channel from the watershed outlet to the : 1
end of the channel N CYERIT

— The distance measured along the main N2 1
channel between two points located 10 and I\ ¢
85% of the distance along the channel Y A58
from the outlet ‘ :

e Channel Slope TANA W 1

* Drainage Density » :
The drainage density, ratio of the total length i ;
of streams within a watershed to the total
area of the watershed A high value of the
drainage density would indicate a relatively
high density of streams and thus a rapid

storm response. Values typically ranges from
1t04 l/krE\. YP y e



Watershed delineation
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A simple iterative method for estimating
evapotranspiration with integrated
surface/subsurface flow models

Authors: Hyoun-Tae Hwang, Young-Jin Park, Steven Frey, Steven Berg, and Ed Sudicky

P: precipitation -t

ET: evapotranspiration N |
GW+: exfiltraton @~ Y6V Tl ZGWH |
GW ":infitraton @ == “~—_ 6w

surf,, : surface flow input
surf, . surface flow output

Gwm : groundwater inflow https://www.aquanty.com/blog/2015/11/4/hgs-research-highlight-a-
GW.,,,: groundwater outflow simple-iterative-method-for-estimating-evapotranspiration-with-

integrated-surfacesubsurface-models 26



Coupling of GIS and numerical
models
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A sample tool: ArcHydro

* a geospatial and temporal data model for
water resources linked to ArcGIS

* aset of tools to populate the features in the

data framework and to support hydrological
analysis

* it provides the data structure but it is not a
hydrological simulation model itself!
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Streams

Cartography and stream analysis

Usually d by g and

Edges and nodes for the stream network, polygons for lakes

Each edge has a flow direction and flows into another edge or sink

A typkal map scale is 1: 24 000, locational accuracy Is about 10 meters
Streams are drawn with blue lines with varying weights and patterns.
with line color, weight, and style

Hydrographic points

Gage stations on a stream network and features such as dams
Usually d by g and d
Junctions, network flags, and points on a stream network

Points can be related to junctions on the natwork
A typkal map scale Is 1: 24 000, locational accuracy Is about 10 maters
Typlcally drawn with colored circle markers by type

Dralnage areas

Drainage areas are used to estimate water flow Into rivers

Derlved from digital elevation models

Polygon with points at drainage outlets

Each drainage area covers a stream section

A typical map scale is 1: 24 000, locational accuracy is about 10 meters
Shaded polygons can depit catchments or watersheds

Layer Hyd

rography
The hydrographi layer in topographic maps
Mapped by government mapping agency
Point, line, polygon and for water f;
Streams feed rivers, rivers flow into lakes or oceans
A typial map scale is 1:24 000, locational accuracy is about 10 meters
National cartographic standards are applied to water features

Channels

Hydraulic analysis

Derived from surface model or land survaying

Cross sections and longitudonal profiles along a river channel
Cross sections are perpendicular to flowlines

A typkal map scale Is 1:2 400 with location accuracy about 1 meter
Channels, flowdines, and cross-sections shown with graphs

Surface terrain

Derlving streams and dralnage areas, also cartographk background
Digital elevation models

TIN surface model or raster with elevations

If raster, each cell has an elevation. If TIN, each face joins to form surface
A typical map scale is 1:2 400 with location accuracy about 1 meter
Elevation is usually shown with graduated colors

Rainfall response
Overlayed with rainfall grid to flood or drought cond
Derived from combining layers such as soll, vegetation, and land use

Polygon

Polygons tesselate an area

A typkal map scale Is 1:24 000, locational accuracy Is about 10 meters
Polygons can be shaded in proportion to rainfall response values

Digital orthophotography

Map background

Aerial photogrammetry and satellite collection

Raster

Pixels tesselate the area imaged

Pixel resolution typically is 1 to 2.5 meters or better

Tone, contrast, and balance of gray scale or color presentation
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UML based object model

Row
- OBJECTID | Attr1
Object 1 Valuel At each vertex:
OBJECTID I p) Value? )C(urve Parameters
Point, Multipoint ;
Polyline M
Polygon D
Graph Feature < /
Shape

OBJECTID | Shape |Attr1 |Shapelength | ShapeArea

1 Polygon |Value1| 125.44 2604.99
2 2 Polygon|Value2|  300.67 4000.12
GeometricNetwork l1— NetworkFeature \
Enabled 5 Spatial reference
GeometricNetwork (Feature dataset,
ﬁ network constraint)
| Edge flow direction:
Ancillary Roles: | | JunctionFeature EdgeFeature With Direction
None AncillaryRole FromJunction AgRinsuDIeeton
Source Uninitialized

[ 1

Sink ZF ToJunction Indeterminate

SlmpIeEdgeFeature ComplexEdgeFeature

SimpleJunctionFeature I Complex.lunctionFeaturel [

OBJECTID | Shape | Attr1 |Enabled OBJECTID | Shape |Attr1 |ShapelLength | Enabled

1 Point | Valuel | True 1 Polyline | Value1 | 125.44 True
2 Point | Value2 | False 2 Polyline | Value2 | 300.67 True




the basic framework

additional components

Streams
(@)
O
© MonitoringPoints
O
® o
@
. network
drainage e
7 Tirr:e
Time Series
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Hydrology lines automatically

extracted from bm DEM
displayed in Google Earth.

Google earth
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GLIDE number: TC-2018-000001-MDG. Activation ID: EMSR264
Product N 17BELONITSIRIBIHINA, v1, English

Belon'i Tsiribihina - MADAGASCAR
Wind storm - Situation as of 11/01/2018
Delineation Map

Toliara
Fianarantsoa

—

Cartographic Information
1:105000 Full color ISO A1, low resolution (100 dpi)
0 2 [} N

Legend

Crisis Information Hydrography
FloodedArea (11/01/2018 0227 UTC)  ——Coasine
General Information —— River
[aea ot interest [Juave
Placenames
3 Placename IZIRI .
Built-Up Area

4+ Aimield runway
[ounvpaes
Loca Rosd

Transportation

Land use - Land Cov:
Features available in vector data

Map Information

Tropical Cycone AVA made Wdl on the norh-asst const of M adapascar on S Janury
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o, 2288 ol nadt angh) prowded under COPERNICUS.

18) (scaured on 11912018 st 6227 UTC, GSO 20 m)
wropean Unice and € SA.

lnyen OpenSteetiap © OpesSireedisp conirbetsrs VWimapis or3
ined by the producer
2013, Naturs Earh 2012, GeoNames 2013

Disclaimer
Product e micus EN'S Rapid Magoi actvty e reakand Io he best
o ey o tme Fame, optimang t 2 ntematon. A8
r maticn hes imitations dus s scae. resoubon, dae and nersrelabon of e
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Producer nd by the Ewropaan Uion.
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Map produced by SERTIT rieased by SERTIT (0D0).

For the tes verwon ofths map and rested products vist
Mip semergency coperm ua ewEM SRZES

s apidmapping@ec europa su

cpemn Un

SEu
For il Copyrght notic vist N Jemergency copem cus euimappinglemslote.copermicus-
eme-mazong portal

opernicys




SRl ~— COPERNICUS

Commission Emergency Management Service

Home What is Copernicus EMS - Mapping EMS - Early Warning System News

LATEST NEWS - 2017-09-25 | [EMSN043] Tsunami risk assessment in Southern Italy

List of EMS Rapid Mapping Activations

= Service Overview

Title Event Type Event Date (UTC) Affected Countries
= Who can use the service Contains Drought Start date Afghanistan
= How to use the service - e Aoun
Extreme temperature i Australia
= Products: Rapid Mapping Activation Status Humanitarian SO Austria
- Any - Infestation End date Bangladesh
= Products: Risk and Recovery Belgium
= Quality control / Feedback Apply Reset AT Select multiple countries with Ctrl/Cmd
= User Guide
Act. Code ™ Title Event Date Type Country/Terr. Feed
RAPID MAPPING o I EMSR264 Tropical cyclone AVA, 2018-01-05 Storm Madagascar e L
Madagascar
= List of Activations EMSR263 Forest fire in Corsica, France 2018-01-04 Wildfire France (3 ‘Q
= Map of Activations I EMSR261 Floods in Lower Saxony, 2017-12-14 Flood Germany © 8
= GeoRSS Feed Germany
| EMSR260  Flood in Northern Italy 2017-12-12  Flood Italy e L

B e err— =
* http: // emergency copermcus eu/ mappin

g/list-of-activations-rapid
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