6. Specific Analysis

A. Working with Digital Elevation Models
| Making contours by using point height data |

Spatial Analyst is necessary
to use this Function

1) Explain
x 10 x 60 N
x 10 x 70 |:>
x 20 \
x 10

A theme containing spot heights (survey field or photogrammetric work) can be used to derive contour
lines.

2) Operate
Add Point Theme, containing Elevation Information. The Program will first generate atemporary grid file
containing the elevation and then will interpolate the contours.

DTM Grid Specifications (Explained
Before in the data conversion)

Interpolation Method:
IDW

Inverse Distance
Weighting

m Transform Grid — Image Analy:

Surface Gnd Specification

Interpolate Surface

yzig ;:
A -
M Create TIM from Features. .. & Duiput Grid Evtert Farme B Banby,_ports_hdsrshn =] Method [IDW
| —| Sdd Eeatures a e .
- § ) Z Walue Field Zval |
[} . w0
i Interpolate Grid...
B Create Contours. .. Output Grid Cell Size I 5 m @ " Fired Radius
Defyeglons Number of Rows 130 ) —
[enve Sepect .
. | ] OWEr | 2
Compute H_lllshade... MNumber of Columns
[Ealzul ate i iemshed.. ok i Bariiers | Mo Batiers I=|
ancel
Area and Valume Statistics..
CL._{t =l oK Cancel

Enter the contours shapefile (to be created) properties.

! Contour Parameters

Enter parameters;

Cortour intereal [1

Base contour. [0

Cancel |

The Inverse Distance Weighted (IDW)
interpolator assumes that each input point has a
local influence that diminishes with distance. It
weights the points closer to the processing cell
greater than those farther away.

Z Feld: Must direct to the numerical field which
contains the elevation value.

3) Sample: Contour generation (1 m interval) from the Field Data Surveyed Points.

#107080285

#1069 18994

7ART nszgz7as

578601

#1065.70702  F1057.71204

#1067.77795
*107 1.08827

#1068 sa508

#1065.01794

Ground Survey Data

#4056 55303
*1067 40798

#1089 740667 04700

#1062.14600

#1063 27893

#1059.32398

*4063.03304 106069099

05626204

*06273506

S

108177608

Contour map

—

053

1060
059

1058

L

50,

-

N

:

1049
04g




| Calculating Slope and Aspect

1) Explain

Make slope and aspect data from elevation grid data.

Slope : Max slopein 8 directions
Aspect : Max direction

2) Operate

DTM Ready

Noukowdr

Derive Slope from DTM

3) Conversionto TIN
iS5 Version 3.1

jew  Theme Analysis

SE |

Create TIM from Features. ..
Add Features ta e

Derive Aspect from DTM

Transform Grid — Image Analysis

Grapl

|rterpelate Gl

51Ol CI I E A

: [Ereate Eartaure,.
ntours_with Desive Slape
enve fepect

Eampute Hilshade..

(Bl culate Yiewshed.

Broperties...
Start Editing

SaveEdis

Gave Edits Az

Convert to Shapefile...
Convert to 30 Shapefils...
[EarertlEmi e i

Sravelnage

' Aero_sentou

Savelmage s

Canvert to Grid

Saye [Data Set.

Edit Legend...
Hide/Shaow Legend

Fiematelitddesses

Buto-label Chrl+L

5) Specify New Grid Parameters

Hel

Add apoint or line theme containing elevation values

Convert it to TIN (Must have 3D Analyst extension activated).

Convert the TIN to GRID = (DEM : Continuosly Digital Elevation Model)
Specify New Grid Parameters

byl TN

Elewation R ange

[] 1100444 - 1115
[ 1085822 - 1100.444
[ 1071333 - 1085.858
[ 1058772 - 1071.333
[ 1042222 - 1056.778
[ 1027667 - 1042222
1013.111 - 1027.667
[ 992 556 - 1013.111
I 954 - 896556

| Grid DTM fram TIN
[] 934 - soa.556

[ 298 556 - 1043111
1027 667

[ 1012111 -

[ 1027667 - 1042222
B 1042222 - 1056778
Il 1055778 - 1071.333
I 1071333 - 1085.859
Bl 1055580 - 1100.444
Il 1100444 - 1118

B oD ats

Output Grid Cell Size

Mumber of B ows

Murnber of Colurng

Ok

Dutput Grid Extert |0 contours without ele, points. sho (=]

[10 m
|14DD
|1DD2

Cancel |

DTM Grid Specifications (Explained Before
in the data conversion)




6) Sample: Generation of Slope and Aspect from a previously prepared DTM

(m] ¥

File  Edit Miew Theme Analysis Suface Transfomm Grid — Image Analysis

Graphics  Window Help
- - @ --- E P RED
I P 47366013 4

1.563,306.25 ¢

« DM =
I =20 - 953.333
[ 953 333 - 1016 667
[ 1016667 - 1020
[ ]1080- 1143 333
[ 1142.223 - 12056587
[ 1z06.667 - 1270
[ 1270 - 1333333
[ 1333.333 - 1396.667
[ 1296667 - 1960

[ IMoData

ﬂ Slope Angle = _— y —_— o
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| Aterpmate .. 4 [ NoData
] g
Create Contours... i led i g s
i L =
- [_\J r\ 1 L]
: v AL
Derive &zpect %o A e
. r3 ' D
Compute Hillshade. .. ey ook
Ealeulate Wiewshed!, { ;,
L Ii g
Srea arin| b ume StatEics, 4 i
| =)

Derive Slope identifies the slope, or maximum rate of change, from
each cell to its neighbors. The output slope grid theme represents
the degree of slope (e.g., 10 degree slope) for each cell location.




Tranzform Grd — [mage Analysi

ﬂ Aspect
[ Flati-1
I Morth (0-22.5,337 5
[ Mortheast (22.5-67 £

| v

[ ] East(67.5-112.5)
[Ereate T franm Eeatures.. [ Southeast (112.5-1¢
L [ Seuth (157 5-202.5)
SddlEestunes- e :: [ [ S0 uthwest (202.5-2¢
E Bl et (247 5-202.5)
- ] Morthwest (202 5-32
=i e = =0 e ggg T o D ats
Create Contours...

Derive Slope
Derive Azpect
Compute Hillzhade. ..
[Ealzulate Yiewated).

— I

Areaand SalimeiStatetiee

Derive Aspect identifies the steepest down-slope direction
from each cell to its neighbors. The values of the output grid
theme represent the compass direction of the aspect; 0 is
true north, a 90 degree aspect isto the east, and so forth.

A legend representing the 8 cardinal directionsis assigned
to the output grid theme (e.g., east [67.5 - 112.5 degrees],
southeast [112.5 - 157.5]).




B. Analyzing Flood Prevention Data
| Calculating Flood Water Depth |
1) Explain

Subtracting the flood water level surface (Grid Data) from the Digital Elevation Model (Grid Data) can
generate a grid theme identifying the water depths for the different flooding scenarios.

...--¥  DTM Surface

2) Operate
A. Generate the Flood Water Level Surface

From the Flood Simulation Software, the water level for
each cross section is obtained which may be use as an
elevation input required to build a TIN.

i

Triangle Irregular Network, generated from
- the elevation input. See “How to calculate
slope and aspect.



Convert the TIN to GRID (Water Level Surface)

i, Calculo de las Poligonales de Inundacion - Copy

N

] DM from Cross Section W ater Laval
[ 28245 - 027.484
[ 27 484- e28.522
[ 92e622- 920781
[ 20751 - aa0.5080
[ 030 589 - 932,038
[ 932035 - 933176
[ o33 176 - 934,315
[ 34315 - 93s.a63
[ o35 453 - 938 502

[ s

B. Subtract the DTM (Actual Terrain Elevation) from the Water Level Surface

Add the DTM to the view
From the Analysis Menu, choose Map Calculator

Write the formula needed, In this case:

ArcView GI5 Version 3.1
| Eile  Edit :

Suface Generalize Grid

Wiew  Theme iZ! Map Calculation 1

Properties. ..

I Logarithms hd I
Find [istanee Layers
Arssian Fropimit {gTM ;lDDml Cross Sia Exp Lag
trn_ 20
| Croes Saction: [ eulate emsit., Exp2 | Log? |
[Lel| | Statistice,. : -
- - & e Expl0 | Logl |
ﬂ LT from Cross Sect SUMTEEZGNES. - .
[ ] 926345 827 & Histogram By Zore... 5 Asld |
% gig gg: gig’?g Tiatnlatedreas,,
oz :?31 ) QSD:SE Map Duery... [[DTH from Cross Section W ater Level Elevation] - [Dim_20m]) rs
[ J9z0299- 93200
[ 922038 - 933.1:
[ 933176 - 934.3°  Neighborhood Statistics...
B 934315 - 9354 - -
I =5 453 - 9365 Beclazsify..
.. o s

([DTM from Cross Section Water Level Elevation] -
[Dtm_20m])

The calculation criteriain the Map Calculator Box
Input complies with the Settings regul ations expressed
before in the Query Box.



| hlap Calculation 1
Jo
[ Jo-oz
[ [EEEE
[ Jos-4
012
— ERE
[ IHoData

The Resulting grid shows the water
depth calculation in Meters.




C. Slope Failure Dangerous Area Analysis

1) Explain

The dangerouns areas designated from the slope failures were obtained by overlaying the geological map
(specific geology rocks) with the slope map, specially the areas designated as steep. The occurrence
probability (Ranks A & B) of these dangerous areas was calculated in accordance to the different
combinations in the database output.

Further explanation of the methology concepts and hazard ranges definitions must be consulted from the
Geology and hazard map Report.

2) Operate
A. Overlaying the Geology Map with the Siope Range.

Using the Combine function from the Grid Transformation Tools. (Explained in the Overlaying Grid
Data)

B. Arranging the output database into occurrence probability ranks

) )
Ele Edi Isble Feld Window Help Having the fields of geology rock and slope range

ELE] ] #IEE] [e]07] in just one database set, we can assign new values

= Selsot Fiom Set

| de e [RIM®] 000 | for Rank A or Rank B, depending upon the
inati
Gomcks [ Sepeiin | me combination.
1 39:4
: o Example: (Explained before in the Querying
! a8 S database sources)
1 2314 R LDl Geo_class= 1 and Slope_10m > 38 = Rank A
1 15 A
i 4414 [Geo,chel ... 1= =l Geo_class=1 and Slope_10m > 34 <38 = Rank B
EiA [Slope_1 0]
ey Flark]
A
s 5]
: 4
I [hd W Update Valuss
=i (ea_cls] = 1) and [Sepe._ 10l >= %] S O R
g; 2 Add To Set
A
A
A
A

o
=2}

C. Reclassify the Combined Grid in anew Grid Containing only the Rank Value

DlReclossity Values :
5 = Parameter Setting Box:
Surface  Transform Gric B castostonrit [Rank =
Properties. . [ op The classification field
Find Distatce = 33 Classit.. | Urigue Lol | must be defined S0 that
Aszign Progimity ] :2 we have anew grid
i 31 with the valueswe
e [E| el ate et a7 Old Values Mew Value need. Coming from the
ﬂ Geology+ Slope |2 13 f th
[ 11-147 [eell[Etatistins... 29 £ 1 - Srrar;)gement of tl i
. . 14 atahase into Ranks.
% ;;i - gig Summarize Zones... 1 B 2
[ ]=50- 965 Histogram By Zone... Mo Data Mo Data
[ Jaga- 52 Tabulate Areas...
I 55z - 697
I oo - 513 Map Query...
I &14 - @22 Map Caloulatar..
- Q20 - 1045 -
[ IHeData Heighborhood Statiztics...
e .
B =
Save | ak. Cancel




| Slope_fail =
I Rank A
[ JRank B
[ HoData

Resulting Occurrence
Rank A & B Grid.

-

D. Calculation of the Affected Areas

D.1. Generating abuffer zone of 20 meters around the occurrence areas

| o stepsrail =]

! ArcView GIS Version 3.1 19 [=] 5

Eile Edt Yiew Theme Anabsiz Suface TransformGrid —Geperalize Grid  Graphics  ‘window

Properties...

Azzigh Proximity

[Calzulate MemsityL.

o [_]o-=0=856
[eel| Statistine,. [ s0s556-617.113
[ 517113 - 925,668

Using the map query
to find the areas
faling in the vicinity
on 20 m around the
occurrence areas

[l

Sample Walues

200562

T

i il
IV Update Values

Summarize Zones... [ 925 569 - 1234.228
. I 1234226 - 1542782
Histogram By Zone... [ 1592752 - 1851338
[ JMoData [ 1351338 - 2158.385 [ [Distarice to Rark A &B] <= 20,
et ate Areas, [ 2150.305 - 2458452

_| DTEM [ 2468.452 - 2777.008

. Map Quen... [ 2777 .00z - 3085585

l:l 889.11 - 85319 I 025565 - 3304.121

[ 1953.187- 10172  Map Calculator... I 33094121 - 3702678
I =7oz67e - 4011234

[ ] 1017283 - 1081
[ J1os137- 1145  Meighborhood Statistics...

4 »

Evaluate

[ 1145.457 - 1200 =
[ 1209.543 - 1273 Beclassify...

Theresulting True Value 1 grid must be reclassified (explain before) as value 3. So that we can merge it

with the occurrence A & B Grid; therefore, having a new grid with 3 values:

1: Occurrence Rank A
2: Occurrence Rank B
3: Buffer Areas surrounding 20 meters around zones 1 & 2.

Merge Process:

Edt Yiew Iheme dnabsic Suface [QEEOVSIYSD
Elip
Mirrar
Hotate.
Shift...
Aggregate
Resample...

Eile

Rank & &B
Reclass of Map Quen,

" g Dy 1

Distance to Rank A &

] Rank A& B
1 DTEM

LCombine. | Reslass of hiap Query 1

|| =
[ Nobata

=
Reclass of Map Query 1
v 2 P Query Masaic [ ooas
I:ID Neban = | Map Quary1
Fake (0}
| Map Query1 ! g B ety
[ _]Faeem 5 oD ata
B ety u
I e D ata [ oK Cancel

| DitancetoRavasn vl
Merqes selected arid themes into 3 sinle arid theme:

Remember to save the resulting grid, as all the grids coming from different processes are temporary

datasets.




D.2. Extracting the DTEM of Ranks A & B & Buffer Zone Coverage Areas

Eile

Edit Miew Theme Analysic Suface JRIEIEEIRIE)

£ ArcView GIS Version 3.1

Elip
Mirror

FEile

] Dscunence AZB + Buffer Zones =

1
= g Lombine. .
[ INeData L
O s Mozaic...

[ 839.11-853.197

[ 853.187 - 1017 283
[ 1017 283 - 108127
[ 1108137 - 1145 457
[ 1145457 - 120059
[ 1209543 - 127363
[ 127303 1337717
[ 1337.747 - 1901202
[ 1401803 - 145588

Il o0 ata

« Occurrence + DTEM
[ J1-192 [Ee!| Eatishns..
[ 192- 224 .

] ses-ars Summarize Zones...
[ 5% - 757 Histogram By Zone..
[ ]7es.-os8 Tabulate Areas...

Hotate..
Shift...

Logregate
Resample:

Using the Combine function from the Grid Transformation Tools. (Explained in the Overlaying

Grid Data)

Reclassify the resulting grid by the Height Value (coming from the DTEM) in the database.
Because there are many height values, we should use the map calculator option, as follow:

£ ArcView GIS Version 3.1

Edit  View Theme J Surface  Transform Grid — Generalize Grid — Graphics  Window  Help

L] @) )

Find Distance
Azzign Progimity

el atE DEens.

l:l 259 - 1150
[ 1151 - 1341 Map Query...

[ 1342 - 1533 Map Calculator...
[ '534- 1728
[ JHoData

Occurence Af%B + Bu Beclazzify

. |

Heighbarhaod Statistics...

DTEM
[ ]980.11 - o53.197

[ ]953.197 - 1017 283
14047 ETal=E Krir VI

ropelties... ﬂ@@@
2]

476157 70
1.5E00E27.98 ¢

Scale 1:|

#1 Map Calculation 1

Layers
[Dceurence 4«

[Dceurence

[Dceurence

ORI

[Dccumence 4=

[Dccurence LI

[[Oceurrence + DTEM . Aerodem_p]) j
-

Evaluate I

The Result isthe DTEM of the Ocurrence Areas + Buffer Zones. Remember to Save the DataSet.

D.3. Calculating The Flow Direction of the DTEM

Calculate Flow Dir

Calculate Flow Length

Open the Arcview Project: “ Slope Failure Analysis”

Add the resulting DTEM grid
Calculate the Flow Direction

Edit  Wiew Theme Analysic Suface Geperalize Grid — Transform Grid

Focal Flow

Curvature [Concave / Conves]

7 R [
“ - Scale

o] Dtem_agb

[ ]380 -853
[ 1954 - 017

] 1wo18-
[ 1082-
[ 1145 -
I 1210
B 1z74-
I 13z

1402 -

[ HeoData

-

1021
11445
1209
1273
1337
1401
1465

The FlowDirection request calcul ates the direction of flow out of
each cell into one of its eight neighbors. The output is an integer
Grid whose values range from 1 to 255. The values for each
direction from the center are:

32 64 128
16 X 1
8 4 2

For example, if the direction of steepest drop was to the left of the
current processing cell, its flow direction would be coded as 16.
The direction of flow is determined by finding the direction of
steepest descent from each cell. Thisis calculated as

drop = changein z value/ distance * 100

7 [z[en]rr [su ]+ tlefa]+] s

FCH M ERE] sfafalse]a]s

[EAEEI E Y R BT o 1[1fz2]afz]a

—-—

BB EE] = zifiag 1|z 4| e
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alewtand bwal=rid




D.4. Obtaining the Flow Length to the Upstream Areas

sis Suface Generalize Gid  Transform Grid The FlowLength request calculates upstream or downstream

Fooal Flow \E\\E\E distance along a flow path for each cell.
: . Sce

Curvature (Concave / Convex) - A primary use of the request is to calculate the length of the
Calculate Flow Diection [T longest flow path within a drainage basin or watershed. This

. measure is often used to calcul ate the time of concentration of a
basin.Flow length can also be used to create distance-area
diagrams of hypothetical rainfall/runoff events using the
weightGrid argument as an impedance to movement downslope.
Theinput grid must be a Flow Direction Grid

]

| R
B =0 - 57
B 52- 25
[ Js6- 113
[ ]114- 142
[ 148 - 170

[ 171 - 198
I 199 - 226
Bl 227 - 255
[ JMoData

_| Dtem_aib

D.5. Finding the Affected Areas of Occurrence A&B Ranks

The former grid result contains the flow length; necessary to discriminate those portions allocated within
the 20 meters surrounding areas of the occurrence A& B Ranks, which must fulfill the requirement of
being located downstream of the occurrence zones.

The Flow length grid must be combined (explained before) with the occurrence A& B Ranks + Buffer
Zones Grid.

. . . Steps:
The Resulting database should look like this: 1. The Occurrence Vaues of 1 & 2
£ Atributes OF Combinl do not change, thu_s must be
Occunence Flow_length Mew_value E Cal CUI atEd exactly n the new Val ue
3 55 3 5| 4 field.
3 E40 3
2 52 Sl Actibutcs 01 Combint 2.The database must be queried to
3 468 3¢ || Fields Values find those cells with an occurrence
g 13? g [Occunence] i 0 | value of 3 but havi nga
3 iz ETN : — Flow_L ength value higher than 20.
3 7 L} i These will have avaue of 3inthe
! : : i o new value field.
3 140 3 W Update YWalues
g 5;; ; [ [Decurrence] = 3] and ([Flow_lenath] »= 20 - MNew Set I 3 The occurrence Val ue Of 3 ha\ll ng
3 Fta 5 aFlow_Length value of lessthan
3 13 3 AddToser | 20 are portions to be discarded,
2 12 : | | somtponsa_| becauise these zones are located
3 EE) 3 upstream of the occurrence zones.
3 138 3 q
£ £ B 4' Thus, we can assign avalue of 4 or
whatever.

This Grid must be reclassify (explained before) according to the new_value field, assigning a value of No
Data to the value of 4, since these portions are useless.

Plassiealon Fe | Zones 2 f The final grid dataset contains the val ues of:
% a7g 716 Classify. | Unique | Iejel e | 1 OCCUrrenCe Rank A Zone
717 - 954
= 3?;4-11331 0id Y alues Mew Walue 2 OCCUITeI"Ice Rank B Zone
| B . - - 3. Affected Areas
Il 1909 - 2147
[ JHoData 2 2
3 g
4 No Data
Mo Data Mo Data
| ]
Load
Save | 0K Carcel
l




D. Watershed Management (Potential Erosion Analysis)

1) Explain

The Study area comprises 819.65 Knr of the upper catchment zones of the Choluteca River. Asthe prime
objective of this study is to propose a master plan for the flood control and landslides prevention, the
watershed management purpose aims mainly in the calculation of potential erosion, being this
phenomenon one of the most influencing factors in the weakening of therivers  drainage capacity.

The Universal Soil Loss Equation (USLE) was used in this study and the GIS application for its
calculation will be explained lately.
The USLE is defined as:.

Further explanation of the

E=R"K"LS"C" P methodol ogy concepts and each
factor’s definitions must be consulted
Where: from the water shed management: soil
) erosion and sedimentation Report.
E: Annual soil loss amount (ton/acre/year or ton/halyear)
R: Rainfall and runoff factor (100 ft * ton/acre” in/hr or 100 m~ ton/ha” cm/hr)
K: Soil erodibility factor (ton/acre or ton/ha, per unit of R)

LS Slope length - steepness factor, dimensionless

(0% Cover and management factor, dimensionless
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