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Icelandic Met
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floods and volcanic eruptions.
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i i i} Icelandic Met
Motivation and rationale Office A:v

« Iceland is affected by many types of natural hazards, ranging

from severe weather to volcanic eruptions (see next slide).

« Monitoring data and forecasting results provide the basis for

most public warnings.

« However, warning accuracy is often difficult to assess, as
the impact of the ongoing hazard may not be apparent

immediately.

« For weather-related floods, the lag between rainfall and
river-response could span several hours, hence there are

opportunities to gather impact-related observations.
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Eruptions in Iceland since 1991 Office )

In recent decades, an eruption has occurred every 3 - 4 years A{

1. Hekla 1991 Eyjafjallajokull, April 2010
. Gjalp 1996

. Grimsvotn 1998

:bUOI\J

Hekla 2000
Grimsvoétn 2004
Fimmvorduhals 2010
Eyjafjallajokull 2010

. Grimsvotn 2011
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Background I: What constitutes oyt
an early warning service? “

« Early warning and monitoring systems (EWMS) are defined as
a set of “capacities needed to generate and disseminate
timely and meaningful information to enable individuals,
communities and organisations threatened by a hazard to
prepare and to act appropriately and in sufficient time to
reduce the possibility of harm or loss” (United Nations Office
for Disaster Reduction, 2009).

"‘% \’

€%/ UNISDR

The United Nations Office for Disaster Risk Reduction
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Background II: What is a geo-form? ofic )_
https://www.arcgis.com/apps/GeoForm/index.html 4

« An ESRI geo-form is a configurable template for form-based
data input and visualisation.

« Users enter data via an on-line form, taking advantage of

editable feature services such as automatic geo-location.

Source: http://gisinc.com

« The platform is straight-

forward to set-up and

1. Enter Information

publicise.

« Geo-forms are particularlyi
useful for collecting data

from a large audience of

non-technical users.



Why do observations from the oyt
public matter? Verification of impact! “¢

Public observations can be incorporated
into existing monitoring networks and

forecasting systems so that:

i.  more timely and accurate warnings

can be issued;

ii. more comprehensive compilations
of damage impacts are received;

and

iii. hazard awareness and perception of

risk are improved. Flash flooding in Siglufjéraur, 28 Aug 2015
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Improving resilience to natural eandic et

hazards via the NORDRESS project “c

« The R&D work presented here is part of the ongoing
NORDRESS project (2015-2019).

« The project is funded by the Social Security Programme of
NordForsk, and the overall goal is improved understanding of

societal resilience to natural hazards.

« We contribute to community resilience by involving the public
in the reporting of an evolving natural hazard, such as a
flood.

S
« URL: http://nordress.hi.is/ NORDRESS %)'g_’@
Lz




Causes of flooding in Iceland — oyt
a brief overview R

River flooding

» Meteorological floods (overtopping of river banks)

a Intense rainfall / snow-melt (exacerbated by frozen ground)
» Flash flooding (mountain gullies; ephemeral watercourses)

a Steep coastal slopes; localised, intense rainfall; rapid run-off
» Ice-jam flooding

a Freeze-up jams; frazil ice; break-up of ice-jams by upstream
flooding S

» Glacial outburst floods (jokulhlaup)

a Ice-dammed lakes
a Volcanic eruptions

Flash flooding in Siglufjérdur, 28 Aug 2015
Credit: Sveinn porsteinsson,
via http://hedinsfjordur.is/
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Automated hydrological observations: s

dense network but unavoidable gaps “
b
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Hydrological interface at IMO Office b

(Vista Data Vision, by Vista Engineering, Iceland) ‘4'
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Example of a recent jokulhlaup from subglacial lake Grimsvétn. The affected river

was Gigjukvisl, which originates from Skeidararjokull (Q,.x ~680 m3 s1)

http://vmkerfi.vedur.is
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Flood warning opportunities in relation ieianicmet
to river-length: Short river, often Office g
little pre-warning
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Flood forecasting lead-time lcelandic Met

: : : Office
Notice how the approach is strictly one-way - A:v
how are flood forecasts revised in light of impact reports?

FORECAST SOURCE
GENERAL CIRCULATION MODEL NWP MESOSCALE MODEL H'GH'RES%'A%TAORN MODEL/
FORECAST TYPE
|_OUTLOOK | DAILY PF: SUB-DAILY PERIODS NIMROD NIMROD
GENERAL g FORECAST ACTUALS
A28 HEAVY-RAINFALL WARNING TELEMETRY
RAINGAUGES
FORECAST PERIOD
10 days 5 days 2 days 24 hrs 12 hrs 6 hrs ZERO
I | | | l l |
RESPONSE ACTIONS EVENT s
REVIEW AN [FLOOD WATCH ——» FLOOD WARNING s>
REVIEW AND
MONITORING
STANDBY FULL MOBILIZATION. 24-HR INCIDENT
> MOBILIZATION —> ROOM STAFFING. ESTABLISH LINKWITH >
EMERGENCY SERVICES.

Source: https://www.wmo.int
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IMO’s web-site: Stream-flow Offce. b
results updated regularly “

Vedurstofa & ENGLISH +A =
‘{v fslands Farsimavefur A T | eitarord Leita
Forsida Vedur Jardhraringar Vatnafar Ofanflod Loftslag Hafis Mengun Um Vedurstofuna

R ——— 1
- S~

- ~
A\ Vidvérun Buiast s vid vexti | am & Sudur- og Vesturlandi fram a fimmtudag med aukinni haettu a skrduféllum. Meira
&\ visvérun BUisLe:&riﬂ stormi (meira en 20 m/s) a midhalendinu i dag. einnig a S- og V-landi i ndtt og fyrramalid. Gildir til 09.09.2015 18:00 Meira

h2S

~~-______—‘—

Jardskjalftar Vatnafar Snjoflod

Vedurspa Vedurathuganir

Hiutfallstala rennslis Medaltal rennslis og hita a sidasta solarhring

Oyfirfamar frumnidurstédur
Vatnsfall Stadur Rennsli Vatnshiti
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IMO’s hydrological monitoring page during autumn rainfall, 08-09-2015

Mijiog-litid O Mazlingar barust ekki
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Conceptual view of scalable flood-  IclandicMet

Office )
= = AW
monitoring and forecast system <
Dominance of
one-way
communication to
the public and
stakeholders
()
Y
-
. (((-))) p (((o))) . (((o))) - (((o)))

Scalable, yes, but how can impacts be taken into consideration?

Source: http://www.wesenseit.eu/ 16



Flood forecasting with in-built
verification of river changes (NoRrRDREss)

Icelandic Met
Office )

A‘v

Danish case-study from

the NORDRESS project
(Henriksen et al.,
submitted)
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Participatory-based approach to

Icelandic Met
Office )

early warnings — NORDRESS “C

Multiple hazard aware response behaviors

2-way information system

TWO-WAY INFORMATION AND COMMUNICATION
Models prepared by
authorities “

Authority data base
from national and “
regional monitoring

Local model
concepts by
stakeholders

Local citizens and

stakeholder
observations

PARTICIPATORY INTEGRATED ASSESSMENT
Decision Support

: : System
Valyau.on . Valuation ’ e diveh o
criteria system - Insurance/financing

DISSEMINATION
C‘> Innovation, policy uptake, governance & business models <:>

«  Symthesis of viable and
breakthrough knowledge

participatory risk knowledge assessment

S, ‘:’o,,
%, 0
%
%,

/

participatory early warning and

monitoring system

A
y
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Components of a Icelandic Met

geo-form registration page T

Internet

Feature Service

- mENCr

Feature template GIS Specialist Web Server




Design steps to launching a geo-form gfe[ﬁgdiclret

for crowd-based data collection =M

Create template shapefile with attributes to collect.

Publish shapefile as a hosted feature service on ArcGIS
Online.

Create a web-map and add the hosted feature-service on
ArcGIS Online.

Deploy the geo-form Javascript code on a web-server and
make it accessible to Internet.

Link web-map to the geo-form via map ID.

For specific requirements and configurable options, see:
https://www.arcgis.com/apps/GeoForm/index.html and

https://qgithub.com/Esri/geoform-template-js

20



Geo-form used during the 2014-
2015 eruption at Holuhraun, Iceland <

Icelandic Met

Office
AW

Used by first-responders and the public in various locations throughout
the country to record their assessment of SO, concentration.

Vedurstofa
4 [slands

Skraningarform - Brennisteinsmengun (SO»)

spurningum og/eda abendingum til fyrirspurnir@vedur.is, takk fyrir.

1. Skraid upplysingar
Fannst brennisteinslykt? (Naudsynlegt ad skral)

Nei

Ja
Veljio ja eda nei adur en haldid er lengra.
Dagsetning og timi? (Nausynlegt a6 skral)
E
Tilgreinié hvenaer brennisteinslykt fannst eda fannst ekki (ef svarid var nei hér ad ofan), eins nakvaemlega og mégulegt er
(tilgreinid a.m.k. dagsetningu).

10/11/2017 1:25 PM ]

Fannstu fyrir einkennum i halsi?

N See: http://www.vedur.is/skraning brennisteinsmengun/

Vinsamlegast skradu brennisteinslykt, sem pu hefur fundid i kjélfar eldgoss i Holuhrauni/Bardarbungu, hér ad nedan. Athugid! Upplysingar sem skradar eru munu birtast a vef
Vedurstofunnar (sja nanar her). Patttaka jafngildir sampykki fyrir slikri birtingu. Athugid ad skraningarformid er i proun og geeti par af leidandi innihaldid villur. Vinsamlegast beinid

e

Ja

Holuhraun: =
o

The pages are designed to be used in real-time or retrospectively; this greatly

expands the potential of crowd-sourced observations.

21




Geo-form used during the 2014- e andic Met

2015 eruption at Holuhraun “

Magn SO2 i andramslofti vid yﬁrbor6|

Raufarhsfng

Kefla .
@
Y
®
o ieets Egs 19 Sep 12:00 .‘

0o '

eulsv

@
o ' ® ' @ gcnnisteinslykt: 20/10/2014, 16:08 . """"# .' o
o . ® September 2014
~ ! brennisteinslykt? .
® ' F".‘“‘" ‘_._] J Dagsetning og timi? ig{ég/zom, ®
@) 1@, : .’
‘ OOOOOO = . Vindstyrkur? Haegur
PR Veit ekki I
Urkor Nei sa.okulspy-x\gaeuv. '
l‘k : .. Co .' '
‘ Zoom to
ol 0% _r
® KIANES
) ® \c’ ~
© ® o0
e
® ® o) o
60km 2
Es mi 0AA, A=

Hundreds of reports received during the eruption

22



Geo-form data were used to assess
impact of SO, emissions on air quality

Icelandic Met
Office )

A‘v

Vefsja - Brennisteinsmengun og loftgzedi
Vefsjain synir skréningar fagadia og almennings & brennisteinsmengun og loftgadum i tengslum vid eldgos i Holuhrauni.
. N

Loftgeedi (S02 Oskilgreind =nmal
eining) .morour alii L4

) 3' t

10RE
EYS
° e, 0 ° °
NORBURLZ Hl“ Y
® ESTRA

ESTFIRBIR Saudgekrokur

Loftgeedi (SO2 ppm)
Meeligidi

Heettudstand (> 5,0)
Mjog Sholl (3,0 - 5,0)
Sholl (1,0 - 3,0) 3 ®

Oholt f. viskvaema (0,2 -
1,0)

Seemileg (0,1 - 0,2)
G635 (0-0,1)

@0 ©6 @0 0

ICELAND

Loftgaedi (SO2 ug/m3)

Maeligidi e

Haettuastand (> 14000) [ R@ykiay
. \ . ‘e @ .
Mjog Sholit (9000 - 14000) = %aub ry e ©®
KJAN 5

Gholtt (2600 - 9000) = VKJANE

Oholtt f. viskvaema (600 -
2600)

Saemileg (350 - 600)

™ =
| [} 15 30mi k)
G638 (0 - 350) o e s g

SUPURLAND
°

!OO.Q.O

(&) =\
Esri, HERE, Garmin, FAO, NOAA, USGS | Veaurstofa Islands 2014

S

October 6, 2014 to May 2, 2015

N s

id 0 >

Web-based interface for viewing measurements over time
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Experimental online geo-form at gie:fliandicltlet
ce

IMO for registering flooding T

http://vatnsflod.vedur.is

- -
- -
- ~o

-

¢~ Vetkort - Tilkynningar um vatnsfléd™, 3 K -
~~~ ] Web Map by eos_vedur -7

-
- -

~

= - -

Vefkortid synir tilkynningar um vatnsfl68. Web_based map
Last Updated: Aug 21,2017  Created: May 12, 2016 (example below)

(ratings: 0) [ views: 1612

- =<
— - - o

-~ vatnsflod_isn93 N P K -
"~~~ [ Feature Layer by eos vedyr.--~ Feature layer for
Vefkortapjénustan synir tilkynningar um vatnsfléa. supporting map—based
Last Updated: May 12,2016  Created: May 12,2016 JOCations of f/ooding
(ratings: 0) &2 views: 1574 (see next slide)

Tilkynning um vatnsflod

Vinsamlegast tilkynnid um hvers konar vatnsflod sem vart veréur viéd med pvi ad gefa upp upplysingar sem oskad er eftir hér ad nedan. Ljosmyndir eda
énnur gégn sem syna atburdin eru vel pegnar.

Athugid! Vedurstofa islands askilur sér rétt til ad birta skraningar a vef stofnunarinnar an takmarkana. batttaka jafngildir sampykki fyrir slikri birtingu.
Vinsamlegast beinid spurningum og/eda abendingum til fyrirspurnir@vedur.is, kaerar pakkir.
24



The ‘vatnsfilod’ feature-service

The interface includes various customisable attributes,
as well as a record of received observations

vatnsflod isn93

Data Visualization

Icelandic Met
Office )
PN <v

Vefkortapjénustan synir tilkynningar um vatnsfléd.

by eos_vedur
Last Modified: May 12,2016

9 Feature Layer

% Add to Favorites

Description

Vetkortapjénustan er Gtbdin til ad safna saman tilkynningum um vatnsfléd. Vefkortapjénustan er breytanleg og er stlunin ad nyta
sérstakt vefform til pess ad safna inn i hana ddurnefndum upplysingum fré almenningi og fagadilum. Upplysingarnar verda nyttar af

sérfreedingum Vedurstofu Islands sem lidur i nattiruvéreftirliti stofnunarinnar.

Layers

Vatnsfléd
@ Openin¥ [® Service URL

Access and Use Constraints

Adgangur er opinn en notkun og birting utan vefsveeda Vedurstofu Islands er dheimil &n leyfis. Mistnotkun getur vardad vid 16g.

URL: http://vatnsflod.vedur.is

Open in Map Viewer v

Open in Scene Viewer

Open in ArcGIS Desktop

Metadata

Details

(0) ke views: 1,761
Source: Feature Service
Created: May 12,2016
Data Last Updated: Sep 29,2017, 4:07:28 PM
Size: 272 KB

Owner

=I5 eos_vedur

Tags

vatn, flad, vatnsfléd, nattdruva

Credits (Attribution)

Vedurstofa islands 2016



Mobile version of the page allows for

easy input of observations and
automatic geo-location

Icelandic Met
Office )
AW

<

Introductory
text

Observer’s
name and
contact

details

\

\
AY
N

3¢ .l 46% - 12:1
vatnsflod.vedur.is

Vedurstofa
4 Islands

Tilkynning um (

vatnsfléd----------

~
/Vinsamlegast tilkynni®d um hvers konar vatnsfléé

sem vart verdur vid med pvi ad gefa upp upplysingar ¥

. sem Oskad er eftir hér ad nedan. Ljosmyndir eda

. . . . 7
bnn\u[gogn sem syna atburdin eru vel pegnar _-’

- -

Athugid! Vebursto?a—isrl.a?la‘s_égkﬂl;r sér rétt til ad
birta skraningar a vef stofnunarinnar an takmarkana.
patttaka jafngildir sampykki fyrir slikri birtingu.
Vinsamlegast beinid spurningum og/eda
abendingum til fyrirspurnir@vedur.is, keerar pakkir.

- -~
- ~~

- ~
~

~
Y

9

/]
/7

1~1. Skra upplysingar
Nafn (Naudsynlegt ad skra!)
S .7
< TTTe--- -~ 07
Back Home Bookmarks Tabs

-

bl 9 .l 46% = 12:20

+/- tdknum og hlidrid kortinu til med fingrinum eda
med mus.

- -
- ~-o

- -

T ~

Lengd/Breidd ]

Find address or place Q
4 Stadsetja mig
-
gra
+ o
X2 o o
L Reykjavik
©
Keflavik
Esri, HERE, Garmin, FAQ,... (235

o~

URL: http://vatnsflod.vedur.is

\ \, [ ] /

_~“Location options,
including automatic
location from the
telephone’s built-in
GPS
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A simple case-study: celandic et

Freeze-up ice-jam on Jokulsa a Fjollum =M

E [ ] hmH)I2J' =3 um, Grimsstadir / Grimsstadir / W J 600
""L'b'ééi"ﬁ"\)é'fl'lé\}éi """"""""""""""""""""" - -
2| (stage)incm A SR W
| | | 0. (' Grimsstasir
: : : : & YN O "
L ;r ------------------------------------------- e ;, ------------------------------------------- e £
D/sturbances in measuremen ts | ™
160 LH WOy oo T T S e ST :
| .'..l"‘/'w
707 SN SR PR S ------- T L A S i ------------------------------ ---------------------------------------- g
L 01—---Dec 2014 -01- Apr—---20-1-5 ---------------------------------------------
01122014 01 01 2015 01 02 2015 01 032015 Timelt

Photographer: Njall Fannar Reynisson, 20 January 2015 -



On-site observations help to put oyt
remote measurements into context “C

« People can provide valuable

on-site observations...

...especially in remote, highland
regions where automated

measurements are difficult.

. 4t 4

Photographer: Bragi Benediktsson, 18 January 2015
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Geo-form services have a role in elandic et
the disaster-risk-recovery cycle 7

Participatory early warning systems take advantage of people-
centred observations via a two-way exchange of warnings and

local feedback, helping to:
i. improve risk awareness within the affected region;

ii. increase the technical capacity to monitor, model and

forecast with higher accuracy;

iii. improve the content and timeliness of public warning,

thereby helping to maintain trust; and

iv. heighten response capabilities, both during the hazard itself

and in the long-term recovery between recurring events.



On-line GIS services can help lcelandic Met

communities at risk via awareness °fi A:v

and education

EMERGENCY RECOVERY STAGE
NORMAL/ RISK REDUCTION STAGE RESPONSE

Re-establishment of Sustainable Livelihoods

2>
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Next steps at IMO and gg[;ggdicl;let
within the NORDRESS project “&

V.

Further improvement of an ‘operational dashboard’ for

viewing incoming observations from the public.
Visual improvements and cross-platform access issues.

Automatic display of preferred language, based on browser
locale setting. (This improvement would allow foreign

tourists to use IMO’s registration forms.)

Automatic alerting of newly uploaded photographs via a
monitoring script. (This would make IMO monitoring staff

aware of new imagery within minutes of an upload.)



Forthcoming paper oyt
from the NORDRESS project “c

Hans Jgrgen Henriksen et al., submitted. Classic versus participatory early
warning and monitoring systems for natural hazards: A Nordic perspective
International Journal of Disaster Risk Reduction, special issue, 2017.

National level River basin level Catchment water council

The paper explores links
between risk knowledge,
monitoring and warning
services, public communication,
and response capabilities

GIS-based examples from
Denmark, Finland, and Iceland

economy
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Conclusions office D

<

On-line GIS services are clearly a viable and effective way of

gathering non-technical information from the public.

Public participation in key stages of the warning process can
help to validate forecasts and provide early recognition of

potentially harmful changes.

Public reports of unusual or damaging natural events not
only provide scientists and first-responders with valuable
local information and context, they also help to increase

public awareness of natural hazards.
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