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About ACPN:

Asian City Planners Network is a platform for all the Urban Planners, Spatial
Planners, Transport Planners, Housing, Regional and Environmental Planners
etc. Under one roof for all the Asian Cities. It is a collection of volunteers
maintaining the entire network. Asian Cities today are the most diverse and
rapidly changing in the world. With the increase in demand for rapid changes in
society. we aim to create a pool of resources for all the urban planning
professionals and students. With the available information about the city and
with the available pool of knowledge about the best practices for every aspect.
At ACPN we dream to plan for cities which are Inclusive, Sustainable, Safe and
Resilient wishing to achieve the SDG Goal 11, Pan Asia.

‘Cities toaay are the most complexly intertwined engineered
systems, designed to manage infrastructure around the adequate

resources and flow of information”

Asian Cities today are more and more dependent on the field of city planning. Yet,
they are facing the challenge of under managed resources. At ACPN we try to
achieve the simplest idea for the most effective planning of public space in which
we live today, trying to follow the dream of 'Building Greater Asia' with inclusive,
safer, resilient and sustainable future cities.

We are a network of students who came together and volunteer with self-funds in order
to create awareness about our profession called *Planners' in South Asia.
I call upon all the students to join our drive! #ACPN #KnowPlanning

#StayHomeStaySafe

Sudiith Seuvab Guntej'u

Founder, ACPN
dc.acpn@gmail.com

March 2020
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Hydrology Tool Guidance Document

ABOUT HYDROLOGY TOOL:

The Hydrology tools are used to model the flow of water across a surface.

Information about the shape of the earth's surface is useful for many fields, such as
regional planning, environmental planning, agriculture, and forestry. These fields
require an understanding of how water flows across an area and how changes in that

area may affect that flow.

When modelling the flow of water, you may want to know where the water came from
and where it is going. The following topics explain how to use the hydrologic analysis
functions to help model the movement of water across a surface, the concepts and key
terms regarding drainage systems and surface processes, how the tools can be used
to extract hydrologic information from a digital elevation model (DEM), and sample

hydrologic analysis applications.

e Understanding drainage systems

e Exploring digital elevation models (DEM)

e Deriving runoff characteristics

e Creating a depressionless DEM

¢ Creating watersheds

e Hydrological analysis sample applications

The Hydrology tools can be applied individually or used in sequence to create a

stream network or delineate watersheds.

Tool Description

Basin Creates a raster delineating all drainage basins.

Fills sinks in a surface raster to remove small imperfections in the data.

Flow Creates a raster of accumulated flow into each cell. A weight factor can
Accumulation optionally be applied.

Creates a raster of flow direction from each cell to its steepest

Flow Direction downslope neighbor.
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https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/understanding-drainage-systems.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/exploring-digital-elevation-models.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/deriving-runoff-characteristics.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/creating-a-depressionless-dem.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/how-watershed-works.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/hydrologic-analysis-sample-applications.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/basin.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/fill.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/flow-accumulation.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/flow-accumulation.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/flow-direction.htm
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Tool

Flow Length
Sink

Snap Pour Point

Stream Link

Stream Order

Stream to
Feature

Watershed

Description

Calculates the upstream or downstream distance, or weighted distance,
along the flow path for each cell.

Creates a raster identifying all sinks or areas of internal drainage.

Snaps pour points to the cell of highest flow accumulation within a
specified distance.

Assigns unique values to sections of a raster linear network between
intersections.

Assigns a numeric order to segments of a raster representing branches
of a linear network.

Converts a raster representing a linear network to features representing
the linear network.

Determines the contributing area above a set of cells in a raster.

ArcMap Hydrology Process Flow Chart

Fill Flow Direction Flow Accumulation

(Input-DEM) (Input-Fill) (Input-Flow Direction) [

(Input Con Raster-Flow
Accumulation

Input True & False- Flow

Stream Order
Stream to Feature

& (Input Stream Raster-
(‘”pUtOS’;‘ S)tream Cn Flow Accu
raer

Input Flow Direction)

- - —

Note this document is focused on ArcMap only. For, QGIS | would recommend to

view this video here.
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https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/flow-length.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/sink.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/snap-pour-point.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/stream-link.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/stream-order.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/stream-to-feature.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/stream-to-feature.htm
https://desktop.arcgis.com/en/arcmap/10.5/tools/spatial-analyst-toolbox/watershed.htm
https://www.youtube.com/watch?v=Ro-RRzMMw-c
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Step 1: Open GIS (ArcMap)

@ Untitled - ArcMap - X
File Edit View Bookmarks Insert Selection Geoprocessing Customnize Windows Help
DdES x| &~ EE 2 ¢ Classification ~ ~ I - | Spaticl Adjustment - | K |
CYCHERI- TE | [l ] ) & - | Editor~ r - _ | Georeferencing * i
i Tl 2 B, : Drawing~ K ) =2 |1 - A - G) Arial v vB 1T UlA-®-F- _ | Geostatistical Analyst + @ _
-l ® = EE L [Stov Hame] PageText~ _

Table Of Contents L " g
8¢8 g
= layers H
]
=
E
N
5
£
E
>
=
=
g
]
(o]
g
N
s
S
=
S
o
&
o
o
3
o
g
=

v

aBe|an < >

-838.318 882.243 Unknown Units

Step 2: Add/Create DEM file into the Data frame.

If you need to create a DEM you can, but if you already have the file you just need

to add it for the further processing.

| am just adding the file that | have with me downloaded from Bhuvan (Need to
know how to download the file, Click Here). For this exercise | have attached the
.gdb file to perform the further steps with ease.

Step 2.1: Add Data

@ Untitled - AreMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Window
Deda Bx|0o(bfem | EG!
CRC - JEEH b Add Date. )
og n '

5 i e B )

5% | ool Add Data

...."

Table Of Contents I x

EEECIE

’—‘g

Step 2.2: Select the geodatabase (.gdb) file | have provided you.

Add new data to the map's active
data frame.

Tip: You can also drag data into
your map from the Catalog
window.

_g Add Data X
Vel @ E-sleade

Name: [Hydrology Tool.odb | [ae ]

Show of type: | patasets, Layers and Resuts ~ Cancel

FECEE) l:T]\'] Bojeien Q[samquw DW zoqiooLay @] | sins

Step 2.3: Select the DEM tiff (here with the name cdng file)
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https://37f72a51-cbaa-4298-a2d2-3c09a9b7a0e5.filesusr.com/ugd/80495f_b7e491e986d54880a6de092d7d0fda1c.pdf
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Q@ Uniited - Archip - x

File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help

ODRES Bx|o & - EGEEE 2 Clasfication- - I | Spetial Adjustment - | K

5 |

SRR THEEH x @ =8 Bl - | Editor- ” - _ | Georeferencing *
s ¥ 3 423 é‘@; Drawing~ K () O-A- [@aa <0 v|B I U A~ 2~ ¢ - Geosttistical Analyst G _
EE L) i ] PageText - -
-
=] Loyers| Add Data X
Lookin: |3 Hydralogy_Tool.gdb ME XA

MName: dng | [ add

Show of type! | patasets, Layers and Results - Cancel

[Woeos &ll| [semeas a0 B Boreieo @] semamy [ oqooLery @ swnseu 51|

Step 2.4: Before proceeding further, first set the spatial reference. To do so click on

Layer (Data Frame) then properties. Click on coordinate system from the

@ Untitled - ArcMap - X
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
N2Es X|2 b~ GIE® [ Clsification~ [@cang  <|EH = [+ K Spatial Adjustment~ | K g
Qa0 i« HIR @ MR T o : 4 Geoneerencing oo T g
& g 5] = [ 42 Iﬁl‘ﬂ; Drawing~ K (=) %2/ [~ A - B I U/A-d- 2. o - Geosatisical Analyst~ G o
Bang SO0 #8 0 @ e B ® BT Page Text » _
A

Table Of Contents 2 x
88 4

TR addData..
g Addata
§

5 New Group Layer
New Basemap Layer

]
[E Copy

Turn All Layers Off
Select All Layers

B Collapse Al Layers
Reference Scale »
Advanced Drawing Options...
Labeling »

Data Frame Properties

Change the properties of this data
frame, such as the coordinate
system it uses.

yareas & | [saimjeas e\eaig‘@‘i Boleie & [ sanauny [ | xoqio0Loty §

Activate

87.649 27.472 Decimal Degrees
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Search for UTM.

@ Untitled - ArcMap

File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help

Y T I —
QAF@ e |- 0807 BZIME2
BDEEE EE B Eee Di""‘é‘ﬂ; Drawing ~
g  CO#BCIE e Ei®S

Table Of Contents
3o
B e

o @ <dng

Value
High: 7413

Low: 129

Data Frame Properties x|~ kg

| Georsferencing ~ [cdng P g

ER IR L I
F - — &

Feature Cache  Annotation Groups  Extent Indicators ~ Frame  Size and Position

General Data Frame Coordinate System llumination Grids

Spatial Adjustment~ | K ¥ H kg £ | B

Geostatistical Analyst - @ Pl

: [

L)L E— T
382 of 5398 items shown
{4 Favorites
a8 Projected Coordinate Systems
[ National Grids
B UM

Current coordinate system:

GCS_WGS_1984
WKID: 4326 Autharity: EPSG

Angular Urnit: Degree (0.0174532925193433)
Prime Meridian: Greenwich (0.0}
Datum: D_WGS_1984
Spheroid: WGS_1984
Semimajor Axis: 6378137.0
Semiminor Axis: 6356752,314245179
Inverse Flattening: 268,257223563

Apply

87.63 27.454 Decimal Degrees

luamasﬂ} [sam)eai ajEaln WW Bolelen =;” samquuvm] xoqmm_ajvﬂ[sunsaaﬁ

You can refer the map below to know what UTM zone your study area will be.

now, the DEM file corresponds to the Sikkim region.

ATM 41

Utm 4z

ATM 44 ATM 45

et
A

UTMm a4 UM 45

ATM 47

utm 47

Select UTM>WGS 1984 >Northern Hemisphere>WGS 1984 UTM Zone 45N>Ok!

Asian City Planners Network
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) Data Frame Properties X
Data Frame Propertics
e Ctent Indicat - —r— Feaiure Cache  Annotation Groups  Extent Indicators  Frame  Size and Postion
eature Cache  Annotation Groups ndicatos  Frame  Size and Postion - Dot Fram Coontinate Syetom =~ o
General Data Frame Coordinate System llumination Grids
- ~ - <%
T — IR R | [ G-
932 of 5998 items shown
932 of 5398 items shown
1 New Zealand ~ () WGS 1984 UTM Zone 42N ~
£ Notth America ) WGS 1984 UTM Zone 43N
5 Oceans () WGS 1984 UTM Zone 44N
(£ South America
£ was 1972 () WGS 1384 UTM Zone 46N
= B WGS 1984 (3 WGS 1984 UTM Zone 47N
£ Merthern Hemisghere ©) WGS 1984 UTM Zone 48N
£ Southern Hemisphere = € WGS 1984 UTM Zone 49N "
Current coordinate system: Current coordinate system:
WGS5_1984_UTM_Zone_45N ~
GCS_WGS_1984 ' A _ -
WKID: 4326 Authority: EPSG WKID: 32645 Authority: EPSG
Angular Unit: Degree (0.0174532925139433) Projection: Transverse_Mercator
Prime Meridian: Greenwich (0.0) False_Easting: 500000.0
Datum: D_WGS_1984 False_Northing: 0.0
Spheroid: WGS_1984 Central_Meridian: 57.0
Semimajor Axis: 6378137.0 Scale_Factor: 039995
Semiminor Axis: 5356752.314245172 Latitude_Of Origin: 0.0
Inverse Flattening: 298,257223563 Linear Unit: Meter (1.0)
v
Transformatons... Transformations...

Cancel Apply Cancel Aoply

Step 2.5: Project the original DEM file to UTM.

Right click on the cdgn (DEM file)>Data>Export Data>Click on Dataframe on
Spatial reference on top right (as shown in fig. below)>Change
Name>Sikkim_DEM>Ok! (Note:Mind the Location before clicking OK, select the

preferred output, here save everything in the given .gdb file)

@ Hydrology - ArcMap

File Edit View Bookmarks Insent Selection Geoprocessing Customize Windows Help Customize  Windows  Help

i} - [1:864003 ~ BEE [ iaw FEE I Costicstons B eang <] o[- kL
k@ LRsS g Editorr| b oo @ B | Editor- _ i Geore
[ Drawing = K B A" praning- k O-A- 0] Anal “[0 v[B 1 ul A
[& cdng -0 ®E IS [ [Show Hame] Page Text ~
Table Of Contents 2 x
rEeP
Eleos Export Raster Data - cdng x
ijwm ‘ Extent Spatial Refer
- ctent patial Reference
B Copy O Data Frame (current)
H % Remove (@) Raster Dataset (Original)
l Selected Graphics (Clipping) Clip Inside LR nakc o]
i
Joins and Relates » OutputRaster
> ZoomTolayer [Juse Renderer [Clsquare: Cellsize (ex, cy): @ [ 29.4142751 41427515
Force RGB Raster Size (columns, rows): O 3404 3807
@f  Zoom To Raster Resolution “' Use Colormap NoDataas: | 32767
1
Visible Scale Range v
9 | Name Property ~
[ o H Bands 1
Edit Features » |<+ Export Data. Pixel Depth 165t
-, | Epwr—— - Uncompressed Size 24.72M8
&
(SRR Export Data Extent (eft, top, right, bottom)  ( 538311,5519, 3098829,4204, 698440, 2054, 2986843.6281) ¥
@ Create Layer Package... Export raster data from this layer g =
[ Properties [E] ViewltemDe tothe format of your choice. Vou Location: E:\SLP\GIS_Lecture Hydrology_Toal.ach |
can also choose other settings, ~ R
such a5 the extent of data, the MName: E— e Geodatabase
spatial reference, and cell size
Compression Type: Compression Quality 75
pr ype: NONE 1oy
About export raster data Cancdd
a2 n <

Output Raster

‘Would you like to add the exported data to the map as a
layer?

Asian City Planners Network 6
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Step 2.6: Mosaic or Raster Clip. Many times the study area you need to perform
Hydrology analysis will either be larger need two titles of DEM or smaller. In case of
larger area, you need to perform Mosaic (if you donot know how to, Click Here). In

case the study is area is smaller, then raster clip need to be performed.

Toolbox>Data Management Tools>Raster>Raster Processing>Clip

ArcToolbox - x
N clip - o x |[=
& Fields
Input Raster g ;\Ie GETdatabase
« General
[sikiim_DEM =l e &: Generalization
Output Extent (aptional) & Geodatabase Administration
[Dist_Bound B N=] &1 Geometric Network
Rectangle &2 Graph
¥ Maximum & Indexes
3045636165982 & Joins
& LAS Dataset
X Minimum X Maximum & Layers and Table Views
624815.064108 ‘ | 639974,871358 & Package

& Photos

¥ Minimum & Projections and Transformations

= & Raster
2996041.315430
[ memasw| | cer & Mosaic Dataset

& Ortho Mapping
& Raster Catalog

I s Ters P e e ey o) I

Output Raster Datasst & Raster Dataset

| Ex\5LP\GIS _Lecture\iydrology_Tool.gdb \sikkim_DEMC =] 1= & Raster Processing
=

NoData Value (optional) Y

32767 | #,, Composite Bands
<, .

- %, Compute Pansharpen Weights
w]
Maintain Cipping Extent foptional) | #_ Creste Ortho Corrected Raster Dataset

#,, Create Pan-sharpened Raster Dataset
4, Extract Subdataset
oK. Cancel Environments... | | Show Help >> 4, Raster To DTED

[u:ueas @} [sameaj ajEaln ET:H Golelen n;” Samquuvlj] X0QIooLoly a[sw\saa E]

#,, Resample
#,, Split Raster

T emsmmmies  |nput: Sikkim_DEM;
Output:Sikkim_DEMC; Note: Check both boxes in the dialogbox highlighted in red

in above picture. Or You can skip this step!

Step 3: Open Hydrology Tools.

Click on Arc toolbox in the top ribbon.

DBBE/L 28 x s B - conoton- s
:
p

VR THHR X O 8B R TIE G ¥ arcToobox
Bm BB ED {15, ¢ Drawing~ W () | | Open the ArcToolbex windew so

T —— you can access geoprocessing
cdng tools and taolboxes.

Table Of Contents.

.-
&
&
=
g
&

@ Press F1 for more help.

The Toolbox popup appears, Select Spatial Analyst>Hydrology.

ArcToolbox %
@ Geocoding Tools

= B Spatial Analyst Tools
& Conditional
& Density
& Distance
& Extraction
& Ge

L, Fill
#, Flow Accumulation
“# Flow Direction

4, Flow Length

&, Sink

4, Snap Pour Point

#, Stream Link

m
m

[ooeas Gll| [semead areenn B boreieo ] | semauiy L] xeateeiory ] | sinsa ]|

%, Stream Ordler
#%, Stream to Featy
4, Wats
& Interpol
& Lo
m B M, hd

89.927 27.768 Decimal Degrees
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Step 4: Fill

The first step is Fill; a sink is a cell with an undefined drainage direction; no cells

surrounding it are lower. The Fill tool uses the equivalents of several tools, such as

Focal Flow, Flow Direction, Sink, Water shed, and Zonal Fill, to locate and fill sinks.

(As shown in the figure below).

[ removed peak

Profile view of a peak before and after running Fill

filled sink

Profile view of a sink before and after running Fill

So simply Fill, sinks in a surface raster to remove small imperfections in the data.

So, to perform fill; Toolbox>Spatial Analyst>Hydrology>Fill.

Input: Sikkim_DEMC tiff ; Output: Sikkim_Fill tiff

Z lmit (optional)

oK Cancel Environments... show Help >>

Notice the low value changed, due to
the Fill tool.

=] Fill_Sikkirn_2
Value
High : 3487

Low: 167

= Sikkirm_DEMC
Value
High : 3487

Low: 166

Asian City Planners Network

OK!
£, Fill — m] x
HELP!!
Input surface raster
[ Sikckim_DEM - &
Output surface raster
[E8 PG Loy ol g \ Input surface raster

The input raster representing a continuous surface.
Output surface raster

The output surface raster after the sinks have been filled.If the
surface raster is integer, the output filled raster will be integer
type. If the input is floating point, the output raster will be floating
point.

Z limit (optional)

Maximum elevation difference between a sink and its pour point
to be filled.

If the difference in z-values between a sink and its pour point is
greater than the z_limit, that sink will not be filled.

The value for z-limit must be greater than zero.

Unless a value is specified for this parameter, all sinks will be
filled, regardless of depth.
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Step 5: Flow Direction

Click on Hydrology>Flow Direction.

Creates a raster of flow direction from each cell to its steepest downslope neighbor.

“ Flow Direction

- =] > B Density "

% Input surface raster

B Distance
B Extraction

 Cutput flow direction raster

BN~

B Generalization
& Groundwater

& Hydrology

| e

[ Force l edge cells to flow outward (optional)

Cutput drop raster (optional)

4, Basin
£, Fill
#., Flow Accumulation

e |~

oK Cancel

#, Flow Length
#, Sink
#,, Snap Pour Point
#, Stream Link
#,, Stream Order
4, Stream to Feature
4, Watershed
& Interpolation
& Local
& Map Algebra
B Math
B Multivariate
& Neighborhood
& Overlay
B Raster Creation
B Reclass
& Segmentation and Classification
& Solar Radiation

l & Surface
@ Tonal

Environments... Show Help >>

Input: Sikkim_Fill; Outpu: Sikkim_FlwDir

#, Flow Direction - ] b4 O UT P UT
Input surface raster
[Sikkim_Fil =]
Output fiow direction raster
[ Ex\SLPGIS_Lecture\ydrology_Tool.db\Skdm_FiwDir] | @
[ Force all edge cells ta flow outward {optional)
OQutput drop raster (optional)
\ =
OK Cancel Environments. .. Show Help >>
LEGEND N HELP!!
N -
02 32 (64 (128 Input surface raster
-4
; ?6 w |18 ! The input raster representing a continuous surface.
32 8| 4|2
64 Output flow direction raster
s S
] Interpretation The output raster that shows the flow direction from each cell to

Note: This is very important if

you are doing RUNOFF!!

its steepest downslope neighbor. This output is of integer type.

The output of the Flow Direction tool is an integer raster whose
values range from 1 to 255. The values for each direction from
the centre are shown as above.

Asian City Planners Network
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Step 6: Flow Accumulation

Creates a raster of accumulated flow into each cell. A weight factor can optionally be applied.

@ Hydrology - ArcMap — X
File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help
= o 5] b - |[1:300.000 v 3 [B © @ Classification~ [ cdn, ~|EH © <, ¢ Spatial Adjustment - =
= | = T B = < ] & | Sp 1] _
SV TH R x @ LM R TR o _ | Georeferencing - |[Skiim_DEM 9 i
L (B | oreving~ K O-A- B I U A-O® - Z. e - Geoststiticel Analysts G o
[& cdng | @ % E IS [Stiow Mame] Page Text ~ _
Table Of Contents L P ArcToolbox k||
Eleo8 - 7 & Densiy 2
5 = Layers PS & Input fiow direction raster @ 2' Distance g
I i i « Extraction s
SR sikckim_FiwDir -] & @
¥ N ! e % & Generalization
E‘l & Output accumulation raster . 5 & Groundiwater =
ms = =) & Hydrology ?
Input weight raster (optional) 2, Basin =
s - > :
33 [ =  Fill _
=E Output data type (optional) N Flow Accumulation| D
.o [FLoaT ] ., Flow Direction =
- ., Flow Length g
o =
= & Sikkim_Fill N Sink z
Value  Snap Pour Point ]
High: 7418 4, Stream Link o
#,, Stream Order £
Low: 142 #,, Stream to Feature -
#, Watershed =3
# & Interpolation o
= B Sikkim_DEM 5,
‘ \I,::;E @ & Local g
High: 7413 © & Map Algebra =
# & Math 54
Low: 129 = & Multivariate 3
% & Neighborhood
+ Qverlay
2@ cd -
B n35|ue ) & Raster Creation I)E
High: 7413 & & Reclass b
o Eml v | SETEED 2 % & Segmentation and Classification E]
Low: 129 5 &e Solar Radiation
+ Surface
ol BrETs 2% S .

89,731 27.639 Decimal Degrees

Input: Sikkim_FlwDir ; Output: Sikkim_FlwAcc

£, Flow Accumulation m] x

Input fiow direction raster
| Sikim_FlwDir = B
Output accumulation raster
[ Ex\5LP\GIS_Lectureiydrology_Tool.gdblsikkm_Flwce =
Input weight raster (optonal)

= &
Output data type (optional)
[FoaT ~]

Cancel Environments.... Show Help >>

OUTPUT

HELP!!

F B |

2|2

1] 1
Rl 128
2 a

LI

Input flow direction raster

2|4 a0

] | a 4 ]

2 4 L] 3

1l lals

v e el s |

v 0 P e
Flow_Dir

The input raster that shows the direction of flow out of each cell.
Output accumulation raster

The output raster that shows the accumulated flow to each cell.
Input weight raster (optional)

An optional input raster for applying a weight to each cell.If no
weight raster is specified, a default weight of 1 will be applied to
each cell. For each cell in the output raster, the result will be the
number of cells that flow into it.

- Blelo | =2[0]:

L I} o 1 M0

B2 4 ‘ T ™
Flow_Acc
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Step 7: Conditional (Con)

Reminder: Before going anyfurther save the .mxd!!

Spatial Analyst>Conditional>Con

Performs a conditional if/else evaluation on each of the input cells of an input

raster.

@ Hydrology - ArcMap

W

File Edit View Bookmarks Inset Selection Geoprocessing Customnize Windows Help
heda Bxo (b EFE B 2 Cessication~ [ cdng <]E8 o M- kL spatisl Adiustment | K
& Glo HEMIE L ] A EER _ © Editor~ A Jx o - Georeferencing v || Sikiim_DEM vt
3 (@ 8 L Draving= K () # O~ A - B I U A-S-Fe e Geosatstical Analyst- G o
& cdng -0 B EIRS = [Stow el Page Text ~ _
Toble Of Contents 2 x o T |ArcToolbex
Eleg s = @ Linear Referencing Tool:
B £ Layers a  Input conditional raster @ Multidimension Tools
B sickim Fiuacc =l= B Network Analyst Tools
Value i &3 Parcel Fabric Tools
High': 8.42093e+006 Eipxesdon(opional) = & Schematics Tools
|18 @ Server Tools
Low:D “ Input true raster or constant value = & Spatial Analyst Tools
= e = & Conditional
5 @ Sikkim_FlwDir Input false raster or constant value (optional) ;\
ic
= [ =l |8 g
m: %, SetNull
=N % Output raster & Density
me ‘ =] & Distance
s & Extraction
32 & Generalization
e & Groundwater
[RE & Hydrology
£ B Sikkim_Fil & Interpolation
& Local
Value
High : 7418 & Map Algebra
& Math
Low: 142 & Multivariate
& Neighborhood
£ B Sikkim_DEM & Overlay
Value & Raster Creation
High : 7418 & Reclass
&3 G i | STiEes & Segmentation and Classification
w128 [ Il
v||@m| e < 5l & Surface

Geoprocessing tool that performs a cenditional if/clse evaluation on cach of the input cells of an input raster.

[u:ueas @] [sam)eaj aeal) ET]\'] Eo\e)eoﬂ[samquw DW xoq\oopwa]sw\aaa E]

89.704 27.756 Decimal Degrees

Input Conditional raster: Sikkim_FlwAcc ; Input true &False raster:

Output: Sikkim_Con

I'% Con

Input conditional raster

| Sikkim_Flwicc
Expression {optional)

Sikkim_FlwDir;

Input true raster or constant value

[ Sikkim_FlwDir B
Input false raster or constant value (optional)

| Sikkim_FlwDir = &
Output raster

| Es\SLPYGIS_Lecture'Hydrology_Tool.gdb\Sikkim_Con

<Output

Cancel Environments. ..

Show Help >

Asian City Planners Network
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Hydrology Tool Guidance Document

Step 8: Stream Order

Assigns a numeric order to segments of a raster representing branches of a linear network.

+ X E
A Stream Order - O % F1
=
I”;:’:;:?:ﬂ'asm = || & B Parcel Fabric Taols
- &3 Schematics Tools z
Input flow direction raster & Server Tools 3
[ Sikkim_FwDir El = ) Spatial Analyst Tools =
- Conditional = |
| E-\sLP\GIS_Lecture Hychology_Tool.gdbiSikim_Strm0 | ensi
i =
‘Mmf;weam ordering {optional) . & Extraction E
& Generalization =
& Groundwater @
1 & Hydrolagy o
Basin &
. Fill 2
A, Flow Accumulation
#, Flow Direction o
#, Flow Length ﬁ
#_ Sink =
., Snap Pour Peint H
#_ Stream Link H
Stream Order .
. g
& Interpolation b
& Local s
ok || cawel | |Emionments...| | Shomkelp>> | & Map Algebra ]
& Math
e hd

89.733 27.739 Decimal Degrees

Input Stream Raster: Sikkim_Con; Input Flow Direction: Sikkim_FlwDir;
Output raster: Sikkim_StrmO; Method of Stream Ordering (default).

Strahler Horton Shreve Hack Topological

Famous Stream Order Methods

<QOutput

Higher the no. bigger the stream.

Asian City Planners Network 12



Hydrology Tool Guidance Document

Step 8: Stream to Feature

It converts the raster to vector layer from the Stream ordered layer.

[ e e

= ArcToolbox B x
: B) Linear Referencing Tools

& Multidimension Tools

&) Network Analyst Tools

Input stream raster

xogjooLany @ | sunsey B

[sikkim_strm0 e ) Parcel Fabric Tools
Input flow direction raster @ Schematics Tools

[ Sikkim_FiwDir = & @ Server Tools

Output polyline features 1 & Spatial Analyst Tools
\ E:SLP\GIS_LectureHydrology_Tool.gdb\Sikkim_Streams | = & Conditional

& Density

[ Simpliy polyfines {optional) & Distance

&y Extraction

& Generalization

& Groundwater

£ & Hydrology
#, Basin
#, Fill
#, Flow Accumulation
#., Flow Direction
#, Flow Length
#, Sink
#,, Snap Pour Point
#, Stream Link
#., Stream Order

BN stream to Feature

seinjes 4 sjealg 5] | Gojzen @l | sanamy (i

#, Watershed @
& Interpolation H
oK Cancel Environments... | | Show Help > & Local =
& Map Algebra
& Math
v

o B Ml ariate

89.724 27.454 Decimal Degrees

Input Stream Raster: Sikkim_StrmO; Input flow direction: Sikkim_FlwDir;

Output: Sikkim_Streams

A QOutput; If you have clipped the file you will see this *

What is it?? Right, that is a good question. These are streams till lower order, we do not

need them always at this scale. So, the next step is to view them.

Note: Sometimes the streams to feature takes time, so it always need patience! ©
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Hydrology Tool

Guidance Document

Step 9: Definition Query

Right click on the stream layer (remember it is a vector now).

Definition Query is a SQL based calculation and selection tool, which performs and

shows only as per the expression you enter. Here, we need to select the streams

above certain order say we wanted to higher stream orders. Hence, we perform as

shown below.

Properties>Definition Query> Query Builder

Table Of Contents 7 x
= = Layers
= [ Dist_Streams
°r B Copy Query Build
- ry Builder
= O Dist B ¥ Remove Layer Properties x .
Elkk_ B Open Attribute Table Genersl Souce Selection Display Symbology Fieds  Definion Gucry  Lsbels  Joms & Reistes Time  HTML Popup S:LEWD ~
g F:IL; Joins and Relates y Deton Query: ard code
O] Sikkirm 0> Zoom To Layer | from_nade
O Sikki to_node .
[ Sikki Visible Scale Range » <> | [Ike
O sikki
O sikk Use Symbal Levels > | 5= [
O Sikk Selection v 1 o
o E‘:‘k' Label Features
M cing Edit Features , =I[%] 207 [het
iy ey s in | [Nl | | Get Unique Values | Go To
SELECT * FROM Sikiim_Streams WHERE:
Convert Symbology to Representation...
Clear Verity Help Load Save...
Conce oy Cancel

Now select grid code. Then >= 6 (it means we want to see only those streams

above order of 6)> OK

SELECT * FROM Dist_5Streams WHERE:

rid_code >=6l
Clear Verify Help Load... Save...
Cancd

¢ ReNwe J\&k N ~
e Tl T (,31:‘ /
RO TSN

“ Il
WIS

7£I~2L;>‘

To make it more visual, click on properties>Symbology>Categories>Unique Value

Celﬂgnries
¥ Unique values

: Unique values, many
i Match to symbals in a

>Value field

Asian City Planners Network
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[ricde ]

|
V| I Add All Values lll Add Values..
>
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Hydrology Tool Guidance Document

You can change color scheme of the orders like shown in below.>Apply

Symbol  Value Label Count

[ —— <all other values> <all other values:
<Heading> grid_code

G G 7
e F 7 7
e ) Hi 7
— 9 ?
10 10 7
—— 1 1 7

A s \\'ﬁ?!:*‘}w
: o

‘%:
)

B
%
e

e

b
o

e
S »Nrpt};%

LT

L]

Step 10: Basin

Creates a raster delineating all drainage basins. Input>FlowDiection.

o [ ey e g e 6 b A e e
R Edtor-| » M| 2 L1 SN eh 0 9 | B | | Georeferencing - | [Sidam_DEM P ey

R B R A I RPN ey
4 4 | Vb bl PageTexte o

- Moo =<
A\ Basin - - @ Linear Tools - ?
Input flow directon raster ~ Multdimension Tools E
=8 “ Network Analyst Tools =
[Sikkim_FwDir = Parcel Fabric Taols
Output raster Schematics Tools &
[P \G15_Lecture\iydrology_Tool.gdbBasin_skm ] & Server Tools 3
= @ Spatial Analyst Tools S
& Conditional
& Density >
& Distance g
& Extraction =
& Generalization g
& Groundwater =
=1 .r{-dmlngy
£ Fill s
£, Flow Accumulation =
“#, Flow Direction
#, Flow Length 2
#, Sink =
. Snap Pour Peint =
A, Stream Link
#, Stream Order 3
#, Stream to Feature 5
v
#, Watershed 3
& i H
ok || cancedl | [Enwi || showrelp >> | ® & Local (5
& Map Algebra
& Math
. P hd

Q) 29.653 27.665 Decimal Degrees

AOutput
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Step 11: Snap Pour Points
L
EEE®

Catalog>go the .gdb location> Right Click>New>Feature Class

New Feature Class X
Name: |Pur,P‘s ‘
Alas |Pnur Pornts ‘
Type

Type of features stored in this feature class:

DLt e spaua Auusument g = [Polygon Features ~
. Georeferencing~| (5 Copy B A
U A-». 2.
- - Mutipoint Features
MutiPatch Features
. Dimension Features
Catal X
log o Refresh B Annotation Features
- el @ g
- 2 rydrol 2 Geomelry Properties
ocation: L Hydrolo v]|g
= btk T ; , = [ Coordinates include M values. Usedto store route data.
£ D\SPAD\SE A — .
| & DAsPADSE Distributed Geodatabase b = [ Coordinates include Z values. Used to store 30 data,
35 Feature Dataset. New » 1
] Feature Class... Import » B
Teble.. | New Feature Class ,
19 Public, | %
Create a new standalone feature Service., g
EB Relationsh class or a new feature class in this g
feature dataset, =
B8 Raster Caf 2
B RasterDal Disabled ifyou are using a Basic "' B
icense an: have right-clicked =
B MosaicDi  feture dataset containing data =
B Schematij types that cannot be created or =4
edited using a Basic license, such ’ (S
B Tookox | o tonalogs 28A0TEBB162D-web.png 5
8 magepng 2 H <Back Next > Cancel
B8 e e “ >dialog box>

MNew Feature Class X

Choose the coordinate system that will be used for XY coordinates in this data.

Geographic coordinate systems use lafitude and longitude coordinates on a spherical mods!
of the earth's surface. Projected coordinate systems use a mathematical conversion to
ransfomn latitude and longkude coordinates to a two-dmensional near sysiem.

Feffem @A E-

983 of 5999 items shawn

@) WGS 1984 UTM Zone 43N ~
(3 WGS 1984 UTM Zone 44N
(& WGs 1984 UTM Zone 45N
3 WGS 1984 UTM Zone 46N
() WGS 1984 UTM Zone 47N
() WGS 1984 UTM Zone 48N
3 WGS 1984 UTM Zone 49N
E WGS 1984 UTM Zone 50N

Current coordinate system:

WGS_1984_UTM_Zone_45N ~
WKID: 32545 Authority: EPSG

Projection: Transverse_Mercator
False_Easting: 500000.0
False_Northing: 0.0
Central_Meridian: 87.0
Scale_Factor: 0.9985
Latitude_OF Origin: 0.0

Linear Unit: Meter (1.0)

>Name>Alias>Type of Feature>Point>Click Next> e
>Select the UTM 45N (similar to Step 2.4) >Click Next>Click Next>add one more
filed with name PP(Feature type Double)>Finish

Step 11.2: Keep the Stream layer on>start editing (for pour points)>Click on create

Editor= | » A-[E 15 b 2 2 B A I[H], | ceoreferencing - | sikim_DEM
- A- BruA
= Page Text - o Open the Create Features window
50 you can add new features. Click
{ 2 feature template to set up the
editing envirenment with those
. rties, then click
i e T am | Conttnacton ool anthe windaw
: ~ - to digitize features.
features> { Aa s> Select pour points>create points

where you think outfall are if know, otherwise create point on the nearest stream

st_Streams: Endpoint

order link such as >
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Create as many points you need watershed for.(as shown below)

Mu‘\.

- o
R
/

"-
- \_“1_\ .~
o

Step 11.3: Toolbox>Spatial Analyst>Hydrology>Snap Pour Points>Input raster or
pour points feature: Select the created pour points>Input flow accumulation: Select

Sikkim_FlwAcc>Give output raster name: >Select Snap Distance to 0 (>OK!

R —— | AwcTohko A X (=
@ Linear Referencing Tools @
Input raster or feature pour paint data @ Mutidimension Tools 3
& Network Analyst Tools =
[Pour Points B @) Parcel Fabric Tools &
Paur point field (optional) &) Schematics Tools =
[ oBxECTID ~ & Server Tools g
Input accumuiation raster ) @ Spatisl Analyst Teols B
[Sikkim_FhwAce E1=] nditions
Output raster =
[ E+\SLPIGIS _Lecture ydrology_Tool.gdbPourPis1 = §< Sna P Po LI_F:I ours
B
Snsp distance 7 &: Generalization B 1
& Groundwater E
= & Hydrology > - 2
#,, Basin =
< Fill & - 3
#, Flow Accumulation Lo
#, Flow Direction &
4, Flow Length E - 4
“, Sink £
< B a
. EXII = 5
#, Stream Link &
., Stream Order z - B
., Stream to Feature &
#, Watershed 3 -I E'
& Interpolation ;‘J I:l
oK Cancel | |Environments... | | ShowHelp >> & Local &
& Map Algebra M
& Math
2 o B My hrarista &

88.536 27.316 Decimal Degrees

Asian City Planners Network
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Hydrology Tool Guidance Document

Step 12: Watershed

Hydrology>Watershed>Input flow direction: Sikkim_FIwDir>Input rater or feature
pour point data: Select the snaped pour points data>Set output name to
Watershed> OK!!

ArcToolbox X
A Watershed - o x =
~

&) Linear Referencing Tools
&3 Multidimension Toels
&) Network Analyst Toels
& Parcel Fabric Tools

@ Schematics Tools

Input flow direction raster

[ sikkim_FlwDir B

Input raster or feature pour point data

[Pourpts =] & &) server Tools

Pour point field (optional) || = B9 Spatial Analyst Tools
[ value | & Conditional
Qutput raster & Density

| Ex\LP\a1S_LecturelHydrology _Tool.gdb\Watersh_sikk1 =] [ & Distance

\ & Extraction
& Generalization
& Groundwater
|| = & Hydrology

| # Basin

[samleaj ajealn I:Tﬂﬁnmeoﬂ;” samquuvD] X0Q100L21Y J[SHHSEHE yaleag @]

oK Cancel Environments... | | Show Help >>

& Map Algebra
& Math
o b

88.382 27.066 Decimal Degrees

AFinal Output

Note: Watershed delineation depends upon where are the pour points taken.
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