LAB 4 :Grid Analysis and Display System (GrADS)
J What is GrADS?

This document presents a brief tutorial for the Grid Analvsis and Disnlav Svstem

(GrADS). The following sample session will give you a feeling for how to use the basic
capabilities of GrADS.
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GrADS implements two data models: a 5-Dimensional gridded data model, and
a station data modei. in the gridded data modei, the dimensions are presumed |
to be latitude, longitude, level, time, and ensemble. In the station data model,
data exist at arbitrary locations in space and time. Four dimensions (longitude,
latitude, level, and time) are used as a framework in the station data model to

guide which station reports are to be examined.
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Each data set is placed within a 4- or 5-Dimensional space by the use of a data
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may be non-linearly spaced; Gaussian grids and variable resolution ocean
model grids are directly supported. The internal data format in a file may be

binary, GRIB1, GRIB2, BUFR, NetCDF, HDF4-SDS, or HDF5.
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U How to use GrADS

Operations may be performed on the data directly, and interactively, by entering
expressions at the command line. The expression syntax allows complex
operations that range over very large amounts of data to be performed with
simple expressions. A rich set of built-in functions are provided. In addition,
users may add their own functions as external routines written in any

programming language.
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O Sample model Session
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and data descriptor file (model.ctl), a text file that contains the necessary metadata that
GrADS needs. The data descriptor file describes the structure of the data file, which in
the case contains 5 days of global grids that are 72 x 46 elements in size.

To start up GrADS, enter:
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First :- Display Figures

* In the text window (where you started grads from), you should now see a prompt :
ga-> You will enter GrADS commands at this prompt and see the results displayed in
the graphics output window .

1- The first command you will enter is:
ga->open model.ctl
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penGraDS

Wetlab
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2- You may want to see what is in this file, so enter:

ga->query file
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| 3- One of the available variable is called ps, for surface pressure. We can display this
variable by entering:
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ga->set display color white |7~ K\J_x

ga->d ps e
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d is short for display. You will note that by default, GrADS will display a lat/lon plot at
the first time and at the lowest level in the data set.

4- Now you will enter commands to alter the dimension environment.
The displaycommand (and implicitly, the access, operation, and output of the data)

will do thinog with regnect to the current dimension environment., You control the
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dimension environment with the setcommand :

clear clears the display

set lon - 90 sets longitude to 90 degrees West
set 1at 40  sets latitude to 40 degrees North
set lev 500 sets level to S00 mb

sett 1 sets time to first time step

dps displays the variable called® ps'

GrADS will not draw anything to the display window, but instead prints out "Result value
= 985.911" to the command window:
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In the above sequence of commands, we have set all four GrADS dimensions to a single
value. When we set a dimension to a single value, we say that dimension is "fixed".
Since all the dimensions are fixed, when we display a variable we get a single value, in
this case the value of ‘ps' at the location 90W, 40N, 500mb, at the 1st time in the data
set.

[f we now enter:
setlon- 180 O *1.e. X 1s now a varying dimension

set display color white
A e

u po

We have set the X dimension, or longitude, to vary. We have done this by entering two
values on the set command. We now have one varying dimension (the other dimensions
are still fixed), and when we display a variable we get a line graph, in this case a graph
of 500mb Heights at 40N.
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NOW enter: [~ Grads 2200001 - o *
clear
set lat 0 90
g ps - — 0e—
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5- We now have two varying dimensions, so by default we get a contour plot. If we
have 3 varying dimensions: P S

C

sett15 S — =

 we get an animation : = —AS Y
sequence, 1n this case N

through time. For some ] _,
modern  computers, the o ~ Q)]
display of all 5 time steps = e

may be so fast that the
animation may not be |,
evident. i
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* Next enter:

clear

setlon -90
set lat -90 90 B

set lev 1000 100
sett 1

set display color white w0
dta

dua

6- In this case we have set the Y (latitude) and Z =

(level) dimensions to vary, so we get a vertical w
cross section. We have also displayed two variables, ,,
which simply overlay each other. You may display
as many items as you desire overlaid before you
enter the clear command .
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[T Grabs 22 1.0901

7- Another example. m this case with X and T

varying (Hovmoller plot) N C

* A Hovmoller diagram is a common e : \ |
way of plotting meteorological data to ‘
highlight the behavior of waves: o |
c |
setlon -180 O s [\
setlat 40 R '|
setlev 100 p—— ".
sett 1 5 ——— N
set display color white '-
d ta o

Wetlab
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Second :- Operations On The Data _ _
* Now that you know how to select the portion of the data set to view, we will move

on to the topic of operations on the data. First, set the dimension environment to an
Z,Y varying one:

clear

setlon -180 O
setlat 0 90
setlev 100
cent ¢ |

SCL L I
1- Now say that we want to see the temperature in Fahrenheit instead of Kelvin. We can
do the conversion by entering:

set display color white
display (ta-273.16)*9/5+32
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GrADS)

[~ Graps 2210901

S 1

e e

GrADS/COLA

2022-03-05-02:01
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T Graps 221001 = o x®

* Now say that we want to see
the temperature in Celsius
instead of Kelvin. We can do =

the conversion by entering: -
) ) - 70N
set dlsplay color white
d ta-273.15
40N
M 7
Eollﬂ 160w 140w 120w 100w Bsow 0w 0w 20w ]
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2- Any expression may be
entered that involves the
standard operators of +, -, *, and
/, and which involves operands
which may be constants,
variables, or functions. An
example involving functions:

lea
set display color white
d sart(ua*ua+va*va)

O
=

GRADS 2.2.1,0ga.1
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[ 3- To calculate the magnitude of the wind. A function is provided to do this calculation
d 1rect1y_ [ GeADS 22 Logat

d mag(ua,va)

i B ¥ & § 8 3§ § 8%

[
=

GrADS /COLA 2077-03-04=19:37
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4- Another built in function is the averaging function:

[~ Goads 2210901 o
clear
d ave(ta,t=1,t=5) -
=
80N e = e
T dbile Anap wwa palenlata tha & davr /
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5- We can also remove the mean from the current field:

[~ GraDs 220,090

o7 (9]

ta - ave(ta,t=1,t=5)

17
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6- We can also take means over longitude to remove the zonal mean:
r

clear
d ta-ave(ta,x=1,x=72)
dta

~ GeADS 22.1.09a1

E
unn 160w oW 120w 100w Ll 60w 40W 2w

GeADS /COLA 2022-03-04-20:22
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7- We can also perform time differencing:

[~ GeaDS 221.0901 o
clear
d ta(t=2) — ta(t=1)
This computes the change between the .,
two fields over 1 day "
* We could have also done this
calculation using an offset from the ;
current time: TS
dta(t+1)-ta -
GrADS /COLA 2022 -03~04-20:37
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8- The complete specification of a variable name is:

name.file(dim +|-= value, ...)

display ta.2 - ta.l

Wetlab
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9- Another built in function calculates horizontal relative vorticity via finite
differencing: oo oo
clear
d hcurl(ua,va) .
!01 1] 160w 140w 1200 100w BOW oW 40w 20w
EIE‘ALrQ-Qﬂm Reseoarch Lab
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Third :- Controlling Graphics Output
1- Now we will move on to the topic of e

controlling the graphics output. So far,
we have allowed GrADS to chose a |

default contour interval. We can override
BT i
LLIILD U-y.
TON
clear
set cint 30 -
dta -
* We can also control the contour i
color by: -
clear 2
set ccolor 3 -
d. ta 0
80 160w 1400 120 100w Bow 0w Ll ) 0w

a1l Al JSEN 7 AL aSad - GG
G - Unan ¢ (¥ i . clagu )l g1 A) b aSail) £ gaga ) JilE Cige o) -100
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2- We can select alternate ways of displaying the data:

clear
set gxout shaded
d hcurl(ua,va)

[ GeaDs 2210901
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3- This is not very smooth; we can apply a cubic smoother by entering: |
clear R :
set csmooth on
d hcurl(ua,va)

1JA) Gash oo A g JiS) qursa (b LSy aa Les U (w122 <300
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4- We can overlay different graphics |

[ GeADS 22 1.0gu1 - o x
types:
500mb Heights and Vorticity

set gxout contour -

set ccolor 0 oon

set cint 30 o

dta oo

* We can annotate: son] "

draw title 500mb Heights and Vorticity

GoADS/COLA 2022-03-05-08:40
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5- We can view wind vectors:

clear
set gxout vector
d ua;va
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6- Here we are displaying two expressions, the first for the U component of the vector;

the 2nd the V component of the vector. We can also colorize the vectors by specifying a

3rd field:

d ua;vaiq

or maybe:

d ua;va;hcurl(ua,va)
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[ 7- You may display pseudo vectors by displaying any field you want:

clear - = —
d mag(ua,va) ; q*10000 —= % T ]
or - S g = -
d mag(ua,va) ; hcuri(ua,va) *10000 |_. _= = ] l
o R I, 3
il B 1 .:";::.:: mﬁﬁ
Here the U component is the wind i e === 2%
speed; the V component is s S i e o R )
moisture. — == =g
o
’nSIIU 120w oW 0 BOE 1206
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8- We can also view streamlines (and colorize them):

clear
set gxout stream
d uva;va;hcurl(ua,va)

90N

6ON 1

30N9

EQ

3054°

605
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180

Q)
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9- Or we can display actual gr

clear

id point values:

" s s e et
” TIEESY :: 5 7
set gxout grid : JOGAmmE=E = 550z30s
dua sonfiF ﬁ: : fEEi: H
H o ﬂ"ﬁﬁ
¥ -|.o 0 “4: __‘m: T w +H ..
g5se 3 ++ s5¢
jounoe L BEERE S 'EEZEEE_ T30
I 1 B 1 ﬁ =5 Iﬂﬂi
305 1 - 4 - x5l 41 =S
am= T il 5 0 '} ¥ _:‘:ﬂ
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10- We may wish to alter the map "'
background:
clear
set lon -110 -70
Set Iat 30 45 44N ('r,-"r \\ “\‘_‘\
A : y : _

set mpdset mres - )
set digsize 0.2 o et (l -
set dignum 2 e W NS
dua e s O

385 ,*’;; B

34N /

md |/

3N ‘f_'f

Jm\‘lﬂﬂ 105W 100w 95w : 9‘CP:_ — BSW BOW TN

rday A LA s Al 6 841000
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11- To alter the projection:
clear
set lon -150 -40
set lat 15 80
set mpvals -120 -75 25 65
set mproj nps
set gxout contour
set cint 30
dta

GrADS /COLA

[~ GraDs 2200900
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In this case, we have told grads to access and operate on data from longitude 145W to
40W, and latitude 15N to 80N. But we have told it to display a polar sterecographic plot
that contains the region bounded by 120W to 75W and 25N to 65N. The extra plotting
area is clipped by the map projection routine.

Jetlab
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* This concludes the sample session. At this point, you may wish to examine the data
set further, or you may want to go through the GrADS documentation and try out the
other options described there.

» References

http://cola.gmu.edu/grads/gadoc/tutorial html

Center for Ocean-Land-Atmosphere Studies (COLA)
George Mason University
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