A basic tutorial on QGIS applications in meteorology

1. Digitization: drawing forecast polygons

Polygon drawing is a typical operation in weather and climate analysis. With the advance
and availability of GIS software, producing forecast maps with GIS application has
become more convenient. The objective of this section is to produce a forecast map with

multi-category polygons using QGIS.

The long-term release (LTR) version of QGIS is available at the URL: https://qgis.org. It

is assumed that the user is able to download and install QGIS on his/her computer.
In this tutorial, the LTR QGIS version 3.4.2 (Madeira) is used.

First, launch QGIS. We need a basemap layer. Second, import the WMO_basemap.zip

data that comes with this tutorial. To do so, click the Open Data Source Managertoolbar

. . or CTRL + L, double-click WMO_basemap.zip, and
L\ Untitied Project - QGIS I _
Project Edit View Layer Settings double-click WMO_basemap.shp. A worldmap

D D E E,g should now appear in the canvas. Close the Open

e Data Source Managerwindow.
e

We are going to draw our forecast polygons over a given country. In our case, it is Nigeria.

Right-click on WMO_basemap layer in the Layers panel, located to the left of the window.
Click Filter. The Query Builder window should now appear. Select SHORT_NAME in the
Fields section on the left of the window. Click A//in the Values section to the right of the
window. A list of countries should show up in the Values section. Double-click
CNTRY _NAME, click the equal sign in the Operators section. Scroll down the list of
countries in the Values section and double-click Njgeria. The window should look like the

figure below. Click OK. The map of Nigeria should now appear in the canvas. Right-click
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on the WMO_basemap layer and click Zoom to Layer. The map should now zoom in and
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Depending on your preference,
you may change the color of the
Nigeria map to grey. Right-click
on the WMO_basemap, hover
your cursor over Styles, and
select grey #808080.

The next step is to create a new

and empty shapefile layer. Go to

menu Layer > Create Layer > New Shapefile Layer. In the New Shapefile Layer window

box, under File name, save the new layer as forecastin your preferred directory. Choose

Polygonin the Geometry type. In the New Field section, type categoryin Name. Category

would differentiate our planned polygons as above-average or below-average. Make sure

that Type is Text data. Next, click the Add to Fields List button. Category should now

(.} New Shapefile Layer Iéj
— .
File name C:\Users\npoweradmin\Documents \QGIS \Output files\forecast.shp D
File enceding lUTF-& 'I
Geometry type l ~ Palygon VI
[] Include Z dimension [T 1ndlude M values
[Epsg:4326 - wes 82 -]
Hew Field
Mame
Type |123 Whole number - I
Length 10 Predision
Fields List
Name Type Length Precision
id Integer 10
category String 80
prob Integer 10
Rem
0K l { Cancel J { Help J

. appear in the Fields Listsection.

Repeat the above step; but type

this time prob, indicating
probability in NMame in the New
Field section. Change T7ype to
Whole number. Click Add to
Fields List button and verify that
id, category, and prob are in the

Fields List Click OK.



E’U"“W We are now ready to draw our first polygon. But,

Project Edit View Layer Settings [ first, let’'s add some additional toolbars to our QGIS

[ ©4  editor. Click on menu View > Toolbars > Shape
Digitizing Toolbar. New but inactive toolbars should
_LLANA N Y

— now appear on the toolbar menu.

Browser g X .
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polygons, click on the 7oggle Editing, yellow pencil, Project Edit View Layer 3ettings [
toolbar. Once this Toggle Editing is clicked the | ] -2

digitizing toolbars become active. g % v; /% ,#J | f

To draw a curved polygon, click on the Add circular
. . Browser g X |
string toolbar. This toolbar allows the user to draw a

smooth and curved polygon by adding more vertices (nodes) automatically. Please note

that a polygon is drawn by clicking on a starting vertex (node) and moving the cursor to
the next one and so on. When satisfied with the shape, right click near the starting vertex

to close the polygon.

We are going to draw an above-average polygon over southern Nigeria and parts of the
Atlantic Ocean. Start by clicking the first vertex over the ocean to the southwest of Nigeria.
Click the next vertices while making a curve, continue, and repeat where a curved shape
is needed. The user may have a polygon shape like the figure below right before the last

vertex. Close the polygon.
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Once the polygon is closed, @ | forecast - Feature Attributes [ =

new form window pops up. This || &

step consists of filling up the /d, id 1
category, and probability that category  Above-average a
prob 45|

describe the first polygon. Type
7 in the /d fields. Type Above-

average and 45, in the category
and prob field, respectively. Then click OK. The Above-average polygon should now

appear over southern Nigeria.

Next, we are going to draw a Below-average polygon across central Nigeria. Repeat the
above steps from clicking the Add circular string toolbar, clicking the vertices, closing the
polygon, to filling out the form. This time, type 2, Below-average, and 55 in the id,
category, and probfields, respectively. Click OK. The Below-average polygon should now

be visible over central Nigeria.

We may add another Above-average polygon that covers northeastern Nigeria and also
parts of Cameroon, neighboring country. We draw the polygon in a manner similar to the
first Above-average polygon over southern Nigeria. This time, type 3, Above-average, and
50, as id, category, and prob, respectively. Click OK.

We are now ready to save the polygons under the forecast layer. Click the 7Toggle Editing
back and click Save. You now may have a forecast map with 3 polygons similar to the

figure below.

In most cases, it is desirable to
have the polygons follow the

country outline. QGIS has vector
geoprocessing to do just that. Go
to menu Vector > Geoprocessing

Tools > [Intersection. In the

Intersection window, select
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forecast as Input layer. Select WMO_basemap as Overlay layer. In the Intersection field,

click ... and save the output layer as forecast intersect and as a shapefile (SHP) in your

(@ wtersecton &) preferred directory.

paemet®s [uiog * Intersection Click Run. You should now see

Input layer
['12'- ) forecast [EPSG:4325)

This algorithm extracts the overlapping portions of
'] E . features in the Input and Overlay layers. Features

in the output Intersection layer are assigned the th at the fo reca St po |yg 0 n s fo I I OW

Selected features only attributes of the overlapping features from both
the Input and Overlay layers.

COwverlay layer

[ countries_wiGss4 [EPsG:432¢] - ] the cou ntl’y outline and are
Selected features only

Input fields to keep (leave empty to keep all fields) [optional] a d d ed a S a n eW Iaye r, Ca I I ed

0 elements selected D

Overlay fields to keep (ieave empty to keep 2l fields) [optional - Intersection in the La yers pan el.

0 elements selected

Intersection
sers/npoweradmin/Documents/QGIS Output files/forecast_intersect.shp E]
Open output file after running algorithm

You may uncheck the box in

front of the original forecast layer

to make this layer disappear.

: % L o You then may have a forecast
(Crn [ o ][ veb |

map similar to the below figure.

Please note that the polygons ‘default color may be different.
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Since the forecast polygons are
undistinguishable from one
another, symbology enables the
user to classify the forecast. To
do that, double-click the

Intersection layer. The Layer

Properties ~ window  should ...

appear. Make sure that Symbo/ogls selected on the left tab.

Click the down-arrow to the right of Single symbolon the first line to the right of the window
and select Categorized. Click the down-arrow to the right in the Co/lumn field and select
category. Click the Classify button to the left of the +and -signs. Double-click and change
the color for the Above-average and Below-average to green and brown, respectively.
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Please also note that the user
has a lot more controls with other
properties such as Fill color, Fill
by
clicking on Simple fill in the

style, Stroke color, etc.

Symbol Selector window after
double-clicking the color. Click
OK'to apply the color changes.

Keeping the Layer Properties window open, click on Labels on the left tab. Click on the

down-arrow to the right of No /abels and select Single labels. Click on the down-arrow in

the next line with Label with and select category. Click on Text below the Lorem [psum

section and change Size to 74. Click Buffer under Lorem I[psum and check Draw text

buffer. Click OK. You should now have a map similar to the figure below.

So far, we have our forecast
map; but certain elements such
as title, scale map, legend, north
arrow, etc. may be missing.
These could make the map
understand and

easier to

interpret for the intended users .
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The mapping process enables the ser to perform this task.

Go to menu Project > New Print Layoutor CTRL + P. The Create print layout Title window

should appear. Click OK. A new Lagyout 7 window should appear. Maximize the window.

Click on the down-arrow at the bottom right and select Fit Layoutto fit the screen.



To add the map to the layout, go to menu Add /tem > Add Map. Drag a rectangle on the
layout by starting with the top left corner and leaving some margins for the title,
coordinates, legend, etc. The :
forecast map from the QGIS
editor should now appear on the

layout.

The size of Nigeria inside the

map area may be too small. On

the /tem Properties tab to the e

right of the window, change the Scale to 6,000,000 or until an adequate size is obtained.

To add coordinates and frame to the map, scroll down the /tem Properties and click Grid.
Click the +sign. Select Grid 7 and click the Modify gridbutton. In the Appearance section,
in the Grid type, click the down-arrow and select Frame and annotations only. In the
Interval, change X'and Y'to both 3. In the Frame section, change Frame style to Exterior
ticks. Scroll down and deselect Right side and Top side. In Draw coordinates section,
change Formatto Decimal with suffix. Change Rightto Disabled. Change Topto Disabled.
Click Fontand change Sizeto 74. Change Coordinate precisionto 0. Click on the Go back

button to the left of Map Grid Properties. Scroll down and check Frame.The coordinates

should now appear like in the figure below.

. To add title to the map, go to
menu Add ltem > Add Label.

wl—==1_ . Drag a rectangle on top of the

- =  map area. A box, with the text
== Lorem I[psum should appear. Go

== tothe /tem Properties tab on the

e =~ .. .. right, under Main Properties,
replace Lorem [psum with Subseasonal Rainfall Forecast over Njgeria. Hit Enter for next
line. Write valid 7 - 7 November 2055. Under Appearance, click Fontand change Fontto



Arial and Size to 26, In the e oemmmee——
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Horizontal  alignment  and

- Subseasonal Rainfall' Forecast over Nigeria |
valid 1 - 7 Nevember 2055 i

Vertical alignment, select Center

and Middle, respectively. If the
title box is too small, you may
adjust the Heightto an adequate

size under Position and size.

To add legend, go to menu Add /tem > Add Legend. Drag a rectangle to the top right of
the map. All layers in the QGIS editor will appear in the legend. The user can remove and
change items on the legend. On the /tem Properties tab, under Main Properties, type

Category as Title. In the Legend ltems section, uncheck Auto update. Scroll down to show

Edt View Rems Adokem Atss Settings

the + and - sign toolbars under

« Legend Items. Click the extra-

Subseasonal Rainfall Forecast over Nigeria
valid 1 - 7 November 2055

color (blue in this tutorial) under

e == Intersection layer, hold CTRL,

: 2 click forecast layer, hold CTRL,
then click WMO_basemap. Click
the - sign to remove these

ggggggggg sea Ty

selected items. Click the yellow
penciltoolbar, delete /ntersection, and click OK. Scroll down on /tem Properties and check

Frame.
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Go to the QGIS Editor and make

sure that CRS is WPSG:4326 e

(WGS 84). If not, click on the S :_mgﬁ““
small globe button on the lower . :";j‘“ﬂi“:ﬁ"‘@*;l |
right of the window. In the ‘ S
Project  Properties  window, : R :“E.M

- 2830m oo peges 1



= e ¢ > 9 & @B

S back to the Layout 7 window. To

zems

add scale bar, go to menu Add
ltem > Add Scale Bar. Drag a

Subseasonal Rainfall Forecast over Nigeria
valid 1 - 7 November 2055

Eem Propersies

rectangle to the bottom right of
the map area. A scale bar should

JEE

show up over the designated

area.

To add north-arrow, similarly, go to menu Add /tem > Add Picture. Drag a rectangle above

the scale bar. On the /tem Properties to the right, expand Search Directories. Select the

north-arrow of your choice.

.. or modified on the map. When

Subseasonal Rainfall Forecast over Nigeria
valid 1 - 7 November 2055

satisfied, export the map to your
preferred location. Go to menu
Layout > Export as Image or
Export as SVG or Export as PDF
according to your preference.

2. Raster operations
Many weather and climate data are nowadays available in GIS raster format. Raster data
are gridded and georeferenced data. The objectives of this section are to perform

mathemathical operations and clipping analysis on satellite rainfall estimate data.

Use the Open Data Source Manager toolbar or CTRL + L to load in WMQO_basemap,
CMORPH _DLY 025deg 20140704 _float, and
CMORPH_DLY 025deg 20140705 float, raster data that come with this tutorial. By




default, raster data are
displayed in grayscale like in the i
figure below. Change the

symbology of

CMORPH_DLY 025deg 20140704 _float by double-clicking the layer on the Layers
panel. In the Layer Properties, under the Band Rendering section, change Render type
to Singleband pseudocolor. Change Maxto 700. Under Min/Max Value Settings, change

Color ramp to Blues. Double-click the color that is associated with the 0 mm value. The

e

and click OK. The figure should

look like the following figure.

Repeat the same above

procedure for

CMORPH_DLY 025deg 20140705 _float.

To compute and display the 2-day rainfall totals across the globe, go to menu Raster >
Raster Calculator. In the Raster Band's section, double-click
CMORPH_DLY 025deg 20140704 float@1. It will appear in the Raster Calculator
Expression section. Under the Operators section, click the + sign. Double-click
CMORPH_DLY 025deg 20140705 float@]1. In the Result Layer section to the right,
save output file as cmorph_tot in your preferred location. Click OK. The 2-day CMORPH
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rainfall totals layer should now appear in grayscale. Change the symbology of crmorph_tot

[ -
() Raster Calculator

Raster Bands

CMORPH_DLY_025deg_20140704 _float@1
CMORPH_DLY_025deg_20140705_float@1

Result Layer
Qutput layer

Output format

nents\QGIS\Output files\emorph_tot €3 [:]

-]

[GeoTrFr

Selected Layer Extent

X min
¥ min
Columns 1442

Cutput CRS

-180.25000

-60.00000

¥ Max 130.25000
¥ max 60.00000

Rows 480

EPSG:4326 - WGS 84

those

=4 using the same properties as
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Add result to project
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l + sqrt. cos sin tan

&cos asin atan

[ < <= = AND OR l

"CMORPH DLY 025deg_20140704_float@l™ + "CMORPH DLY 025deg_20140705_float@l™

Expression valid

[ oK. H Cancel H Help ]

CMORPH_DLY 025deg 20140704 floatand CMORPH _DLY 025deg 20140705 float.
Verify that cmorph_totis indeed the sum of the two original raster data by checking and

unchecking the layers to make them visible or invisible.
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Now, let's assume we are

Browser
igv#ne
Favertes

interested in analyzing rainfall

totals over Nigeria only. First, -
the WMO_basemap,

basemap, layer to show Nigeria

filter

only.
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To crop cmorph_tot over Nigeria, we use the QGIS clipping function. Go to menu Raster
> Extraction > Clip Raster by Mask Layer. In the Cljp Raster by Mask Layerwindow, make
sure that /nput layeris set to cmorph_totand Mask layeris setto WMO_basemap. In the
Advanced parameters section, under Clipped (mask), click ... to the right and save the

output file as a file as clipped cmorph_tot.
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Parameters Log
Input layer el
[ " cmorph_tot [EPSG:4326] v] [
Mask layer

['12'- | Countries_WG584 [EPSG:4326]

z) =) @)

Selected features only
Assign a spedfied nodata value to output bands [optional]
Mot set

[7] create an output alpha band

[7] keep resolution of output raster
P Advanced parameters
Clipped (mask)

Open output file after running algorithm
GDALfOGR console call

Match the extent of the dipped raster to the extent of the mask layer

C:/Users/npoweradmin/Documents/QGIS /Output files/dipped_cmorph_tot. if

gdalwarp -of GTiff -cutiine "fvsizip/C: Users/npoweradmin/Documents/QGIS /GIS DataBase [Countries_WGS84.zip/ L5
Countries_WGS84.shp™ -crop_to_cutline "C:\Wsers\inpoweradmin\\Documents\WQGISWOutput filesY\cmorph _tot, tif” "Ci/Users/ !
npoweradmin/Documents/QGIS /Output files/dipped_cmorph_tot, tif"

m

| 0% Cancel

Run as Batch Process.

J [

Close ] [ Help ]

3. Interpolation

Click Run. The clipped layer
should now appear. Change the
symbology of
clipped_cmorph_tot, using same
properties as before. The clipped
layer may then look like the

figure below.

The user may then proceed with
the mapping process if he/she

wants to produce production-

level map.

Interpolation of station data is a
typical and important operation

in weather and climate analysis.

. . . . . . r""j-{
The objective of this section is to i ;

dekadal (10-day . —anln
period) rainfall totals from stations over Nigeria during early June 2014.

interpolate
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First, import WMO_basemap,

() Data Source Manager | Delimited Text S~

| Filename C:\ ts1QGIS\GIS D 014061.c5v

Layer name nigeria. 2014061

Encodng

w File Format
© GV (comma separated values)
) Regular expression delimiter

(©) Custom delimiters

P Record and Fields Options

¥ Geometry Definition

® Point coordinates ¥ field [Lon ~
(©) Wl known text (WIT) ¥ field [Lat -]
©) MNo geometry (attribute only table) E oM coordinates

Geometry CRS [Pm]ed CRS: EPSG:4325 - WGS 84 v]
P Layer Settings

Sample Data

Ststion Lon Lat 1-Jun 2-Jun 3-Jun 4-Jun 5-Jun G-Jun 7-Jun 8-Jun 9-Jun 10-Jun Total il

1 Abe 33 72 64 0 0 336 0 28 19 0 0 18 62.7 =

2 Abua 72 9 0 124 11 0 0 92 o 81 0 0 308

3 Ak 53 72 15 335 0 208 21 134 0 0 0 194 803 =

basemap, and filter over Nigeria.

Second, Open Data Source

Manager and click Delimited
Text on the left tab. Under File
name, browse to
nigeria.2014061.csv. We note
that this data was saved in Exce/
Comma-

spreadsheet as

Separated Value (CSV) file. In
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File Format, ensure that CSVis selected. In Geometry Definition, ensure that X field and
Y fieldis Lon and Lat, respectively. Make sure that Geometry CRS is set to EPSG.4326.

Cl |Ck Add 9““#’9&@.

Project [dt View Llsyer Setings Pluging Vector faster Dasbese Yieb Prog

H el s 3PP

The location of each station  .:
should now appear over Nigeria
such as in the following figure.

Next, save the station data as a

shapefile. Right-click oN e L T e ™" =% T T
nigeria.2014061, click on Export > Save Features As. Save output file File name as
station_data and as shapefile in your directory. Then click OK. The station_data layer

should now appear as a new layer.

We are going to apply an /nverse Distance Weighted (IDVW) interpolation to station data.
Go to menu Raster > Analysis > Grid (Inverse Distance to a Power). In the Grid window,
Set Point layerto Station _data. \n Advanced parameters, set Z value from field [optional]

to 7otal Click Run. The interpolated station data should look like the following figure.

Progct it Yew Lyer Setngs Bhges Vectgr Bater Detabwe MWeb Progessing Help
S & ¥

BRRRY M»LL s BPPRARRMS &5 K-

AT R Please note that many other

;;;;;;;

interpolation methods are
available in QGIS. Most of them
are accessible from menu

Processing > Toolbox.

e it i e emo e sme s NOW, the user can again perform

symbology, clipping, and mapping to produce a production-level map.

For further documentation and training guide on QGIS, please feel free to access the
URL:https://qgis.org/en/docs/index.html. Hands-on and practical tutorials are also

available at the URL: http://www.ggistutorials.com/en/.
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