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In most of the world it is
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natural hazards and
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resources management
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Inaccessible data
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Problem

missing hydro-met monitoring systems State Of play il’l
many countries
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Solution Low quality control

4 open & low-cost technologies
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Hardware Software Standard

STATE OF THE ART For purchase onIy

The motivation @I’]SE



Development

Can we rEIy on these integrated open-monitoring-system
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The research question @I’]SE



Target network type @nse
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System Design @nse

APPLICATIONS USERS

Measure Data archiving

Data reports
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Data serving

Data automatically
available to users every 10
minutes [T, R, H, P, Ws, Wd]



Opentechnologies @nse

APPLICATIONS USERS

Lo

GitHub

www.github.com/4onse



4onse-pcb

Modular solution

Common materials (screws,
boxes, Plexiglass board, etc.)
Easy toreplace each component

- = R PT T a el -

PCB based

Easy to install

Open PCB schema
Less space required

More time to build
Connections by wires
More space required

Hard to change components
4onse PCB is not widely available
More expensive




Data archiving and serving

istSOS: Welcome

&« > C 0

Server Services » [Data Management i St S.S

Data Editor Data Viewer

ey |”(aqC i" From ‘2019-09-17 To: [2019-09-25 740000 ~  Property: | air-rainfall J~r|uns | [air-temperature |5 tine Iv“
Offering:  [temporary air-rainfall / air-temperature

|
Procedure:  |KOKKAWILA_MOD |+ — KOKKAWILA_MOD — $ KOKKAWILA MOD)

Add

KOKKAWILA_MOoD[¥][ |1

lkagc: temporary
Fr:2018-83-05T18:30:00.000000Z
T0:2019-11-24T18:30:00.0000002
air-temperature-internal (°C)

soil-moisture (%)

light (lux)

air-pressure (hPa)

air-relative-humidity (%) 249722
air-temperature (°C)

air-rainfall (mm/h) © i I I
air-wind-direction (°) 23.3431
air-wind-velocity (m/s) 1
Aggregation: no 0 5 I l l

- 714
2019-09-17 2019-09-17 2019-09-18 2019-09-19 2019-09-19 2019-09-20 2019-09-20 2019-09-21 2019-09-21 2019-09-22 2019-09-23 2019-09-23 2019-09-24 20190024 1
[P e S P PN AN Proama N sttt it e 0

31.4885

29.8595

28.2304

26.6013

urn:ogc:def:parameter:x-
istsos:1.0:meteo:air:rainfall
-x:1919weled:jap:obo:uwn

a1neIadwa)Ie: 0918 W () T:S0SIS|

Day  Week

Show CSV

Date $_KOKKAWILA_M: QI KOKKAWILA_MOL QI =

Rajapalaiyam Jaffna

2019-09-18T07:25:01+01.00 29.98 710

2019-09-18T07:35:01+01:00 30.14 710 Kollam
Thoothukudi A

2019-09-18T07:45:00+01:00 2994 710
2059-0!;:18T.[.)?.55.;00+61‘ﬂ0“ : - 26.}4 : T 710
2019-09-18T08:05:01+01:00 2715 710
2019-09-18T08:15:02+01:00 28.28 710

2019-09-18T08:25:01+01:00 2825 710 U 61 & v
Lanka Batticaloa

Thiruvananthapuram

Nagercoil ! 3 »

2019-09-18T08:35:01+01:00 11 710
2019-09-18T08:45:00+01:00 28.83 710
2019-09-18T08:55:01+01.00 2045 710 Nuwara
2019-08-18T09:05:00+01:00 3007 710 0 L
2019-09-18T09:15:01+01:00 29.96 710 Rathnapura
2019-09-18T09:25:00+01:00 2082 710
2019-09-18T09:35:01+01:00 2962 710

2019-09-18T09:45:01+01:00 29.43 710 Galle =Matara “~ @ OpenStreetMap contributors.

Open Source Software by Institute of Earth Science - SUPSI




Monitoring network
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Accuracy: how data fit real values?

= +0.22 +3.84..

" AirTemperature Relative Humidity
(9)£0.48h: ™ +9.8.
Air Pressure I|I|1* Precipitation




Quality of collected data @nse

98.3.

High quality

0.34.

Suspect data

1.12.

Data with errors

B Comerr-0.04%
B Err-1.12%

B Susp - 0.34%
B Good - 98.3%
B Test-0.2%




Completeness: how frequent data gap?

60-

Completeness
with sporadic maintenance

% H 6H 10 w
4ONSE_UOM_MOD 52 2 [
BAKMEEGAHAWATHTHA_PCB 56 262 3
BAMUNUGAMA_MOD &5 81 10 5
BATHALAGODA_MOD 56 134 2 14 7
DADURUOYA_RESERVOIR_DAM_PCB 13
GAJANAGGEGAMA_MOD ” 202 2 5
GUNAPALA MALALASEKARA MOD 51 a a
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HETTIPOLA_PCE 70 us £ 3
HULOGEDARA_MOD a 157 s
JOHN_KOTHALAWALA_MOD 52 = 18 1 5
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Timeliness: how late are data?

0.000 0days 00:00:12.421393 9 30 m\
0.100 0 days 00:00:20.643247 Yo seconds

0.200 0 days 00:00:23.942705

0.300 0 days 00:00:28.746212 Within 10 minute
0.400 O days 00:00:31.121794

0.500 0 days 00:00:33.659747 80
0.600 0 days 00:00:35.450307 % \ s
0.700 0 days 00:00:41.982987

0.800 O days 00:01:08.378276 From10m to 1h

0.900 0O days 00:05:29.853662

0.997 0 days 23:32:40.093877 From1lhto 1d

1.000 7days19:12:40.124288
0.3\

More than 1d



Service Quality




Service availability: 2019 @nse

99.246.. 3 dayS

Availability Downtime

811ms 98.827-

Response Time Responsiveness

-V



Database: 03/2018 — 11/2019

Observations;:

19%+= 43C

Observed properties  Procedures



Service performance @nse
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I1stSOS load test: time vs concurrent users

.!&9. SDDmaX

Concurrent users

(a) - service response time for insertObservation (I0) request (b) - service response time for getObservation (GO) request
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Similar stations

purchasing costs
Vantage Pro Plus Station 1,670USD

75 D MetPak RG Weather Station 2,735USD
. Rainwise PORTLOG 805-1018 5,036USD
USD/station ™™"
Total costs of deploy

(including taxers, batteries, installation & communication)
o 9uso replacements
x Station's replacements parts

5 4U;D/station Q

Monthly maintenance cost

(including personnel 31usp and replacements 7usp)



Durability of components @nse

>>1y | >>1y | >>1y

Solar panel Temperature| SD card
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Sustainability of technology
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Environ. Social Econom. Technic.






Droughts

4onse - Drought monitoring system
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Heat Index {HI)

The Heat Index (HI), or Apparent Temperature (AT), is an index derived from the combination between temperature and relative humidity in Fahrenheit degrees (F°). It gives
information about the physiological disconfort due to high temperatures and high humidity rates. In table 1, the heat index classification is described:

Intensity
fevel Heat Index Dangers Category
Higher th
Very high 5 ;% Cer o Heat stroke highly likely Extreme danger
High 40-53°C He.at.cramps or heat exhaustion likely, and heat stroke possible with prolongued exposure and/or physical ey
activity
. . . . \ L. Extreme
Medium 32-40°C Heat stroke, heat cramps or heat exhaustion possible with prolonged exposure and/or physical activity

caution



Rain event

4onse - Drought monitoring system

Heat Index {HI) SPI 30days SPI 60 days m; idi +
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Rain daily data

The daily sum of the rain amount daily rain data , is a simple statistical anaylsis that is useful to highlight particular heavy rain events. The map shows the rain data marked in
different colours based on the amount of the rain caollected by the 4onse weather staitons. The last data collected is shown and by clicking on the points the last seven days
data are plotted. In Table 1, the rainfall classification based on daily rainfall of a station is proposed.

Classification of rainfall event Rainfall (R) in a day (mm)
Very heavy rain event R>120.0
Rather heavy rain event 35.0<R<60.0

NMadarata rain aviant 1INNsDc2EN



Monthly statistical report

zenodo.org

November 25, 2019

4onse stations monthly

trigaro, Daniele

This dataset contains monthly climatological reports (NOAA s|
in Sri Lanka.

Name

- @ T
Communities # Login -
nmsm Opmmm
F | 4ONSE_UOM_MOD_August 2019 - Blocco note - [m] X

File Modifica Formato Visualizza ?

MONTHLY CLIMATOLOGICAL SUMMARY for August 2019

NAME: 40NSE_UOM_MOD CITY: Katubedda STATE: Sri Lanka
ELEV: 37 m LAT: 6.7969 N LONG: 79.9018 E

TEMPERATURE (°C), RAIN (mm), PRESSURE (hPa), HUMIDITY (%), WIND SPEED (m/s)

Avg

Mean Mean Mean Wind DOM

Day Temp Max  Time Min  Time Rain  Press Hum SPEED Max Time Dir
o1 28.2 31.2 12:10 25.8 10:30 2.8 1007.4 87.4 0.0 9.0 00:00 99.0
02 28.3  30.5 12:45 27.0 04:45 0.0 1007.2 90.7 0.0 0.0 00:05 90.0
23 28.4 31.1 15:05 26.0 23:55 0.2 1007.0 88.6 0.0 0.0 00:05 90.0
04 27.7 30.9 11:25 24.5 06:35 0.4 1006.8 86.0 0.0 9.0 18:35 90.0
05 28.9 31.6 11:15 27.6 05:25 9.0 1005.9 84.1 0.0 0.0 18:35 90.0
06 28.8 31.2 13:50 27.6 04:00 0.0 1005.6 84.1 0.0 0.0 00:00 99.0
o7 28.4 30.6 11:10 27.1 08:40 0.8 1005.1 84.3 0.0 0.0 00:00 90.0
28 26.6 29.7 15:15 22.2 03:15 25.4 1005.9 85.7 0.0 0.6 00:05 90.0
29 25.1 27.9 15:55 22.6 06:05 11.8 1006.1 95.1 0.0 0.0 00:05 90.0
10 25.3 28.9 @9:05 22.3 11:05 25.8 1006.0 98.0 0.0 0.0 00:05 90.0
11 27.3 30.5 12:15 25.0 23:55 0.0 1005.2 83.7 0.0 0.0 00:05 99.0
12 27.1 29.8 15:25 24.4 06:15 3.8 19004.6 84.5 0.0 9.0 00:05 99.0
13 26.5 29.1 10:45 24.2 14:05 5.0 1005.6 97.3 0.0 ©.0 18:35 90.0
14 27.2  30.1 13:15 25.5 16:15 0.2 1007.0 90.6 0.0 0.6 00:05 90.0
15 27.9 30.6 14:05 26.2 05:35 0.2 1007.1 84.4 0.0 0.0 18:35 90.0
16 27.8 30.8 11:30 26.9 06:20 0.0 1005.8 87.4 0.0 0.0 00:00 90.0
17 27.3 28.9 12:30 25.5 23:50 9.0 1005.1 89.7 0.0 0.0 00:00 99.0
18 27.7 31.5 13:50 25.0 01:00 1.0 1006.1 87.7 0.0 0.0 00:00 99.0
19 27.2 31.3 12:20 24.3 05:50 0.8 1006.9 88.6 0.0 0.0 00:00 90.0

Unix (LF) Linea 1, colonna 1 100%

License (for files):
' Creative Commons Attribution = Alike 4.0

3.9 kB nternational




Hydrological model @nse
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Figure 24: Observed and Simulated hourly flow for Deduru Oya sub-catchment during the
period of 1%t to 15% June 2019 — applied data of 4 stations






In summary @nse

- Good data quality of data
— Good for modelling, alert, etc.

« Good data service
— Stability
— Availability

- Good sustainability
— Independence
— Durability
— (Costs

- Good applicability
— Datatested in 4 applications






W @SNSF 4onse @ 4onse www.4onse.ch

Thank you
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In light of global challenges, the Swiss Agency for Development and Cooperation (SDC) and the
Swiss National Science Foundation (SNSF) launched in 2012 the joint «Swiss Programme for
Research on Global Issues for Developments (r4d programme). The main goal of the r4d
programme is the generation of new knowledge and the application of research results that
contribute to solving global problems and securing public goods in low- and middle-income
countries within the framework of global sustainable development. The r4d programme
consists of six modules, five with thematic priorities and one for thematically open calls.

www.rdd.ch
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