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Background to R-Instat

* Crowd Sourcing campaign 2015
INnstat+ R J Pt

......................................

* Identified a gap in statistical software
« Work in Africa and UK

Even by people with
low computer literacy

v 4 Easy to use:

1 Encourage Good Statistical Practices /2
And therefore practical
&  Free e &+ Support from CCAFS, EUMETSAT, WMO
 Making it adaptable v and UK Met for climate features
o Open Source: and sustainable

L} The missing tool =1 |




R-Instat

R R-Instat 0.6.5

File Edit Prepare Describe Model Structured Climatic

S E B -

station_name  date (D) year month_abbr doy
1 |Arkona 12016-01-01 2016 Jan 1
2 |Arkona 12016-01-02 2016 Jan 2
3 |Arkona 12016-01-03 2016 Jan 3
4 |Arkona 12016-01-04 2016 Jan 4
5 |Arkona 12016-01-05 2016 Jan 5
€ |Arkona 12016-01-06 2016 Jan 6
7 |Arkona 12016-01-07 2016 Jan 7
8 |Arkona 12016-01-08 2016 Jan 8
¢ |Arkona 12016-01-09 2016 Jan 9
10 |Arkona 12016-01-10 2016 Jan 10
11 |Arkona 12016-01-11 2016 Jan 1
12 |Arkona 12016-01-12 2016 Jan 12
13 |Arkona 12016-01-13 2016 Jan 13
14 |Arkona 12016-01-14 2016 Jan 14
15 |Arkona 12016-01-15 2016 Jan 15
16 |Arkona 12016-01-16 2016 Jan 16
17 |Arkona 12016-01-17 2016 Jan 17
18 |Arkona 12016-01-18 2016 Jan 18
19 |Arkona 12016-01-19 2016 Jan 19
20 |Arkona 12016-01-20 2016 Jan 20
21 |Arkona 12016-01-21 2016 Jan 21
22 |Arkona 12016-01-22 2016 Jan 22
22 |Arkona 12016-01-23 2016 Jan 23
24 |Arkona 12016-01-24 2016 Jan 24
25 |Arkona 12016-01-25 2016 Jan 25
4 » merge | mergel <
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* Menu-driven front end to R
» Designed to make R easy to use

* Particularly for those who already
use a spreadsheet.

A general statistics package
» With a special Climatic menu

* Free to download and open source



R-Instat easy to use?

maximum - Micros... =

. . File Edit Submit Manage Graphics Statistics | Climatic | Window Help
Hom | Inse | Pagy | Forr | Dati|| Rewi | Viev | Tear | & 0 = = —
DEEES & 2@ X EE|| Mg :
= = A ® Display Daily...
. o Z|a . E= Current Wor t- : and Output =
B | - 2 (A2 . R | » B Current Worksheet - SAMARU.. [ = |[E ¢ nd O ===
Get External | Refresh Z| Sort | Filter \;} Data | Outline Cohmns | Constants | Stings | Labels| | Tils [SAMA—— »| | Start of the Rains... "R
Data~ Al =2 Y# | Tools = - | [ w53 | w54t | we5 | woE|
. . Examineg... e |
Connections Sort & Filter Brocece Spells... ;
G1 v (& %= | mm File Edit View Data Transform Analyze DirectMarketin Graphs Utilities Add-ons Window Help S— || Water Balance.. il
i [ — - - -- 13.0 -
A leiclol s e oo e~ BB RS . |- - -5
1 |station long lat elevat yyyy [mm _dd tmax : =, Heat Sum... -~  -— 51 0.5 -
2 OXBOW  28.37 -2843 2600 1961 1 1 155 [ | |Visible: 5 of & Variables MarkouModeling  » |~ o T ies F
3 OXBOW  28.37 -28.43 2600 191 1 2 156 | DateD | Year | Mon | Day | Ran | var | ’ A
4 | OXBOW 28.37 -28.43 2600 1961 1 3 15 1 01-Jan-1952 1952 1 1 1.3 = e E T T T 132 -
5 OXBOW  28.37 -2843 2600 1961 1 4 17 02-Jan-1952 1952 1 2 0 3 oo - = Tl
6 OXBOW  28.37 -2843 2600 1961 1 5 16.8 03-Jan-1952 1962 1 3 0 0 e
04-Jan-1952 1952 1 4 0 L 17 - = = — 0.3 16.0
7 OXBOW  28.37 -2843 2600 1961 1 6 17.7 . vilf? - — - o a3 160
- W
g OXBOW  28.37 -2843 2600 1961 1 7 19.2 08-Jan-1952 1952 ! 5 0 2 < >)
06-Jan-1952 1952 1 6 0 .
9 OXBOW  28.37 -28.43 2600 1961 1 8 19.6 uman1952 190 1 ; . Server ready Warings On
an- R
10 OXBOW  28.37 -28.43 2600 1961 1 9 216
08-Jan-1952 1952 1 8 0
11 |OXBOW  28.37 -28.43 2600 1961 1 10 224
[ 9 | 09Jan-1982 1952 1 9 0
12 OXBOW  28.37 -28.43 2600 1961 1 11  21.3 101962 1952 ; 10 0
13 |[OXBOW  28.37 -28.43 2600 1961 1 12 211 11Jan 1952 1952 ] 1 142
M 4 » | maximum ¥J = OEN i | »[ 12-Jan-1962 1952 1 12 0
Ready | |[EDE 100% (=) U (+) 13 13-Jan-1952 1952 1 13 0
14 14-Jan-1952 1952 1 14 0 |v
2 e————— [+

Deta Vi Varale e

|IEIM SP3S Statistics Processoris ready| | |Unic0de:DN| | | 4




Similar to a spreadsheet for data analysis?

Data View

Output Window
v" Name at the top of column Station (D | Dote(®) | year |mont| day | doy | AR | Tn a - :
1 Saltpond 1944-01-01 1944 Jan 1 1 00 NA ECAUC N . .
%X Data start at row 1 2 Saltpond 19440102 1944 Jan 2 2 00 NA ST e W T TF
3 Saltpond 19440103 1944 Jan 3 3 00 NA : e
4 Saltpond 19440104 1944 Jan 4 4 00 NA y [
X Results in a different window > Saltpond 1944:01:001944 Jon o o 10 NA >
6 Saltpond 1944-01-06 1944 Jan 6 6 0.0 NA
7 Saltpond 19440107 1944 Jan 7 7 00 NA
v’ Data in “columns” — one 8 Saltpond 1944-0108 1944 Jan 8 8 00 NA
9 Saltpond 194401091944 Jan 9 9 00 NA 2
type of data only per column 10 Saltpond 1944-01-10 1944 Jan 10 10 00 NA : B et Dpiah
1 Saltpond 1944-01-11 1944 Jan 11 11 0.0 NA i
. 12 Saltpond 1944-D1-12 1944 Jan 12 12 00 NA
v Multiple sheets (data frames) 12 Saltpond 1944-01-13 1944 Jan 13 13 396 NA
14 Saltpond 1944-D1-14 1944 Jan 14 14 00 NA
. 15\Galtpond 1944-01-15 1944 Jan 15 15 0.0 NA
X Just a window onto the data 16 SiWeond 1944-D1-16 1944 Jan 16 16 0.0 NA
\ |7 Saltpord\194401-17 1944 Jan 17 17 00 NA | || | |
N | Ghana_Dat | Ghana_Data_by_Stat  : < > TSRS s e e
Showing 1000 of 53021 rows | Showing 1/ of 1/ columns || . . ... e

Ghana_Data




The menus in R-Instat

File Edit  Prepare Descibe Model  Chmatic

1\ A A A
Import data e.g. from Excel

Organise and prepare data for analysis

Descriptive analyses: Produce tables and graphs
according to the objectives

Fit and use the appropriate statistical models

All of the above for climatic data



Download and installing R-Instat

 Download from (550MB)
* Currently a Windows software

* Install on Ubuntu 18.04 using Wine

e Other Linux and Mac users
e can be installed on a virtual Windows machine
e cross-platform version coming soon (mid-2021)

e See Moodle course for more details


http://r-instat.org/Download.html
https://github.com/IDEMSInternational/r-instat-linux/blob/master/sh/setup.sh
https://training.eumetsat.int/course/view.php?id=381

Case study — comparing sunshine duration (SDU) at two
stations in Germany

* Import and tidy station data with daily sunshine duration (SDU)

* Extract and import satellite estimates of SDU for two points
* Import station locations
e Extract two points from satellite data (NetCDF files) corresponding to stations

* Merge station and satellite data into one sheet (data frame)
* Prepare and tidy the merged data

e Graphical comparisons: correlations, scatter plots, seasonality plots
* Numerical comparisons: summary metrics



Importing gridded data - NetCDF files

Climatic | Procurement Options by Context Tools View Help
File » Open SST...
L Tidy and Examine N Import from IRl Data Library... l
n Dates N Import and Tidy NetCDF... g
Define Climatic Data... Open and Tidy Shapefile... |
Check Data ’ Import From CLIMSOFT...
Prepare ’ Import From CLIMSOFT Wizard...
Describe N Import From CLIDATA...
NCMP 4 Export to CPT...
PICSA » Export to World Weather Records...
CM SAF » |
7 13 0
Compase * k7 13 Arkona Linde
Mappingm 7 12 station_name
Model » 87 13 120-
.7 13
Seasonal Forecast Support  »
7 13 .

Import and Tidy NetCDF File

Path: |C:/Users/Danny/Downloads/ORD41791

Browse File

731  ncfiles found to import

Browse Folder

From Library

Prefix for Data Frames:

‘ sat_data

| | Options |

Comment: ‘Code generated by the dialog, Import and Tidy NetCDF File | - ‘

Ok Reset Close Help To Script
NetCDF Options nl
Subset  Options
Location
Range Points. Single Point Data Frame
ID/Station —
|at ‘\amude ‘ |llh| _name Variables
station_name
latitude Add
No Z dimension detected. longitude
No S dimension detected.
Data
No T dimension. Options.

Retum Help




Importing gridded data - NetCDF files

ﬂi | Sorry for the wait. E

An R command is taking some time to complete.
Please be patient while the process finishes.
—

While you're waiting...

Did you know: You can easily view a whole data frame in a
separate window.
Justright click on the bottom sheets tab and select 'View'.

Reading file 1689 of 10958 - 15%

Code generated by the dialog, Import and Tidy NetCDF




Comparing satellite and station data

Climatic ‘ Procurement

Options by Context

Tools View Help

File » ®
Tidy and Examine 4 _
Dates »
lat res A
Define Climatic Data...
ine Climatic Data s 7 13
Check Data » 4 7 12
Prepare » 47 13
Describe » B7 13
NCMP v 7 13
PICSA > 1.7 13
2
CM SAF » & LE
h 12
Compare » Calculation...
Mapping... Summary...
Model 4 Correlations...
Seasonal Forecast Support  » Scatterplot...
L s Rt - Time Series Plot..,
14 0.0 134 5 Seasonal Plot...
15 1.0 13.4 5 Densitv Plot
ens ot...
16 0.2 134 5 Yy
- 0.0 134 5 Conditional Quantiles...
18 23 134 5| Taylor Diagram..

—y—

S0 st

1

SO sat
.87
o
Q
—
a
0.85
station_name
—m— Arkena
T OO st
Jan L _
Verification Summaries
Jan 2
Jan 3
Continuous Binary Categorical
Jan -
Summaries
Continuous  Binary Categorical
Y [] Select all

Pearson Comelation

Mean emor

[[] Mean absolute emor

f Root mean squared emor

d [[] Nomalized root mean

Y [] Coefficient of determination
L [[] Ratio of standard deviations

[C] Nash-Sutciffe efficiency

[[J] Modffied Nash-Sutcliffe

] Relative Nash-Sutcliffe

[] Modified index of agreement
[] Index of agreement

[] Relative index of agreement
[] Coefficient of persistence

[[] Ratio of root mean square emor
[] King-Gupta efficiency

[] Volumetric efficiency

[[] Mean squared emor

] Sum of squared residuals

[[] Percent bias

Help




Prepare — Totals from daily data

Prepare | Pescribe  Moeodel  Climatic  Procurement Station (f) year (i count_n | count RR | sum_RH
Data Frame L7 1 |Saltpond  |1944 366 366 724
Check Data 3 2 Saltpond 1945 365 365 644
Column: Calculate  » | month_abbr day_in_mont | ¢ Data Frame: ? Saltpond 1946 365 365 1007
Column: Generate b Jﬂn 1 1 S Variablels) to Summarise: . SEH.pDrIIj 1 EM-? 355 355 1 D1 ?
Calumn: Factar , Jan 2 2 g:trzerics R(:{hana_Data 3 5E||t|:rDrll:| 1 9""1'5 355 E'EE 1 DE‘S
Cope , Man 3 3 day. in_morth 5 Saltpond 1949 273 273 772
Colurmm: Date , pan 4 4 e 7 Saltpond 1950 365 365 776
Column‘l Reshape N Jﬁl% I: v| | one By Factoris) §  Saltpond 1951 365 365 1425

" oclumn summaries.,.., e Ghana_Data 5
. S — msmre o st Saltpond 1952 366 366 1376
Keys and Links 4 ] Pt Rests to Output year 10 Saltpond 1953 365 365 699
Data Object » Stack... 11 Saltpond 1954 365 365 986
R Objects » Unstack... Summariss... 12 Saltpond 1955 365 365 1485
nd TSRO TS '
d Merge... e 13 Saltpond 1956 365 366 1151
rllj 1 9-4-"-1--D1 -1 1 1 9-4-4- Commert: | code generated by the dizlog Column Statistics 14 SEltpDrld -I 95? 355 355 TI.'[]E
nd  1944-01-12 1344 SRR st % || Fet || Qoo || Hb 15 Saltpond 1958 365 365 749
- Subset...
nd_|194401-13 /1944 16 Saltpond 1959 365 365 789
nd  1944-01-14 1944 Random ubset.. 17 Saltpond 1960 366 366 1004
nd 1944-01-15 1944 Transpose... — pe
14 b Ghana_Dats | Ghana_Data_by_Station_year Iii' M
Showing 146 of 146 rows | Showing 5 of 5
Ghana_Data_by_Station_year




Climatic — Totals from daily data

Climatic | Tools View Help
) @
Tidy and Examine >
Dates » :
dtr mean_max_t  mean_min_|
Define Climatic Data...
61 312 236
Check Data * 1o 216 24 5
Prepare » Transform...
= b Conversions...
PICSA » Climatic Summaries...
CM SAF > Start of the Rains...
Compare » End of Rains...
Mapping... Length of Season...
Model b S
Extremes...

Seasonal Forecast Support  »

[OOF ZO. 7 O 7| cllm dex‘"

16.7 278 217 y

-5 a1 1 011 v Evapotranspiration...

Missing Options

Maximum number of missing allowed

[J Minimum number of non missing required
[] Maximum percentage of missing allowed

[] Maximum number of consecutive missing allowed

B

4k

Climatic Summary

Station

Data Frame:
ghana

Annual

Variables

station
dekad_abbr
year
month_abbr
day_in_month
doy

Options

Store Results in Data

[] Print Results to Output

Omit Missing Values
[] Add Date Column

Day Range

Annual + Within

Add

Data
Options

Missing Options

Within Year

Station:

station

Date:

‘ date

Element:

ghana
min_temperature
max_temperature

Day of Year:

o

Year:

‘ year

Within Year:

|"doy >= 14 doy <= 366"

Comment: ‘Code generated by the dialog, Climatic Summary

Ok

Reset

Close

station (f) year | month_ mean_max mean_min  dtr
1 Saltpond 1960 Jan 312 236 7.61
2 Saltpond 1960 Feb 316 245 7.09
3 Saltpond 1960 Mar 315 238 7.71
4 Saltpond 1960 Apr 312 238 7.33
5 Saltpond 1960 May 30.7 236 7.05
6 Saltpond 1960 Jun 284 231 536
7 Saltpond 1960 Jul 27.8 21.7 6.10
8 Saltpond 1960 Aug 272 220 518
9 Saltpond 1960 Sep 28.1 225 5.55
10 Saltpond 1960 Oct 299 231 6.76
11 Saltpond 1960 Nov 316 232 §.34
12 Saltpond 1960 Dec 310 234 7.58
13 Saltpond 1961 Jan 31.0 233 71.73
14 Saltpond 1961 Feb 31.7 239 1.77
15 Saltpond 1961 Mar 322 246 7.53
16 Saltpond 1961 Apr 320 239 8.16
17 Saltpond 1961 May 314 245 6.5&

1 » ghana | ghana_by_station_year I ghana_by_station_year_montt

Showing 1000 of 1368 rows | Showing 11 of 11 colu

13



Describe: Boxplots

Describe | Model  Climatic  Procurement  Teools  View

One Variable »
Two Vanables 3 _
Three Variables » day_in_mont | doy 366
Specific r Frequency Tables...
eneral » Summary Tables...
Multivariate , Multiple Response...
Use Graph... Scatter Plot...
Combine Graphs... Line Plot...
e Histogram...
View Graph... Boxplot...

070571544 Jan Dot Plot...

-01-10 1944 Jan Rug Plot...

-01-17 11544 Jan Bar Chart...

H-01-12 11544 Jan Cumulative Distribution...

n1 124044 lon

Boxplot

Data Frame:
Ghana_Data W

Variables G

RR

Tn

Tx

SunHr

AvWind

RH.06.00 v

Boxplot Options
Options
[] Variable Width
[] Horizortal Plat
[] 5ave Graph

Comment:

Ok Reset

Jitter Plot Vielin Plot
Single Variable
Tx
Add
Data : .
Options Factor {Optional):
month_abbr

Second Factor (Optional):

code generated by the dialog Boxplot

Close Help To Script

TX

40-

35~

30-

25~

' ' ' ' ' '
Jan Feb Mar Apr May Jun

Saltpond

' ' ' ' ' '
Jul Aug Sep Oct Nov Dec

Tamale

{1
([}
{ 11

{ 1

{ [}
{ [}

' ' ' ' ' ' ' ' ' ' ' !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month_abbr

14



Climatic: Boxplots

Climatic Boxplot

10-
Climatic ools View Help | .
File 8 @ Boxplot Jitter Plot Violin Plot H
25-
Tidy and Exami >
idy and Examine - - - -
Dates 3 . : Station: o
] . . Fay min_temp max_temp diurng ghana IR |station ] Facet Row 20 - v ! §
Define Climatic Data... . . e ! . S
2711 27 9 2q _ A Date: - 2
Check Data Inventory... Yeér Vaizbles | date I
Prepare » Display Daily... station . e
P Sy Ty dekad_abbr Add Bement: o
Describe » Fill Missing Values... year |mln_temperalure ] E:
PICSA > Boxplot... month_abbr [] Omit Below S 40-
day_in_month Data _E 10-
CM SAF 4 QC Temperatures... doy v || options . o
Compare 4 QC Rainfall... : E .
. Boxplot Options year None v . .
Mapping... Homogenization... | | 25-
Plot Options Within Year:
Model »| 266 317 6.1 [month_abbr [xmis v . 5
. 20- -
Seasonal Forecast Support  » 239 322 83 Variable Width . ! . 3
z TZ A o 5 244 31.1 6.7 [ Horizontal Plot T
2 13 nn n n 260 117 £E7 15-
[] Vertical X Tick Markers
[] save Graph :
10-
Comment: |Code generated by the dialog, Climatic Boxplot Jan Feb Mar  Apr  May Jun  Jul  Aug Sep Oct
Ok Reset Close Help To Script

15



Climatic: Inventor

Clirnatic | Procurement  Tools  Wiew  Help
File 3 Output Window
DEtES- » RH.A2.00-
Define Climatic Data... SunHr Aol RH.09.00 o
[}
RH.0E.0D-
Check Data 3 |ny’er|t|:|r}r“, g
. . AsWind =
Prepare r Display Daily... o
SunHr-
Climdesx.. Boxplot |
-
Describe b OC Procedures...
Th=
Z RR- key
bant E Present
ata Frame:
Date: R -
Ghana_Data Date 1] Kis- . Missing
Mumerics Blement(s) b=
Station Ghana_Data —
f RH.15 0=
year |
month_abbr RH.12.00
day_in_month Data o
doy_386 Options Station (Optional): RRean 4
: w
Statien RH.0B.00= 2
L)
Aviind -
Plat Type
. -~ S H -
(® Date Plot () Year - DOY Plot Facet By: | Default uner
Tx-
[] Aip Coordinates
[] Display Rain Days Tn-
Graph Title: Inventory Plot RR-
1 1 L} 1
L] Save Graph 1560 1980 2000 2020
Comment:  |code generated by the dialog Inventory Plot 16

Ok Reset Close Help




Exercises and practice

1. Practice the steps from the demo with the Germany data
 practice data preparation and analyses

2. Analyse the pre-prepared example data from Germany
e focus on the statistical analyses and comparisons in more detail
e Use pre-processed data files

3. Prepare and Analyse your own data
* If you have your own station data and can download CM SAF data
e Use the climatic guide to help prepare your data

* Use the documents and videos on Moodle as guidance

* Ask questions on Slido if you need any help: code #EUMSC10


https://slido.com/

Getting help and giving feedback

We want to hear from youl!
During this course

* Post questions on code #EUMSC10
* Post results on Padlet

After the course

* Feature requests and bug reports, post an issue on GitHub

* General email
* or Danny


https://slido.com/
https://padlet.com/CMSAF/cmsaf_padlet
https://github.com/africanmathsinitiative/R-Instat/issues
mailto:rinstat@africanmathsinitiative.net
mailto:danny@idems.international

