
15 Jan 2022
Hunga Tonga Hunga Ha’apai eruption 

and
tsunami, Tonga

Graham Leonard, Carol Stewart and Tom Wilson







NZ response: partnerships
In country 

◦ Tonga Geological Service – key lead

◦ Tonga Meteorological Services – key tsunami lead, also with PTWS

◦ Via MFAT, Pacific WASH (FIJI) and ESR: Tonga HN-WASH Cluster - Health, Nutrition, Water, Sanitation, Hygiene (with 
Emergency Management)

Supporting external agencies
◦ MFAT, NZDF, NEMA, ESR, MOH, Pacific WASH, USGS, USAid, VDAP – Carol and Shane’s networks.

◦ MetService VAAC

◦ Wide range of agricultural agencies. FAO – Agriculture, Plant and Food, MPI, Manaaki Whenua? Carol and Shane’s 
networks and contacts.

◦ IVHHN – Key rapid network via Carol.

◦ Pacific Regional Food Security Cluster

NZVSAP 
◦ GNS, VUW, Massey, Canterbury, Otago, Auckland, NIWA, ESR & MOH (health), MetService. +USGS/international key 

individuals (BOM, UCSB, InSAR, Satellite)

TSURGE, and Risk/loss community



NZ Volcanic Science Advisory Panel

• Consistent messaging

• Provision of extra expertise to 
monitoring, volcanic hazard 
assessment, and impact 
assessment

• Wider scientific advice to 
stakeholders 

• Coordination of science activities 
(e.g. sample analysis)

• Lacked clear framework to trigger 
to assist Pacific nation(s).  MFAT is 
lead agency, GNS coordinated 
using CIMS-based response.

• Lacked Pasifika representation

• Benefit from recent Pacific 
eruption experience



Areas of active and potential work
• Citizen Science – ash thickness was fruitless. NZ Tsunami and Airwaves questionnaire 3000 responses.

• Ash hazard characterization for:
• Food security and agricultural recovery

• Water supply security and health

• Infrastructure 

• Ashfall clean-up

• Monitoring and support (volcano and tsunami)

• Event characterisation

• Substantial NZVSAP member wide activity

• Risk assessment?

• Impacts (multi-hazard impact/loss modelling)

• Impacts (damage survey and fragility/vulnerability development) – renewed interest for tsunami.

• Cruise-based surveys – Kaharoa (shallow), Tangaroa, Koreans – all April?

• Shane’s field work – April – Tongatapu interviews for timelines, photos, videos (pressure, tsunami, volcano), 
Tappen/Watt BGS sites beach profiles +advice from Jose and Bill. Ha’apai Group, Tangaroa (NERC)
Task Canberra for more photos around vent.

Messaging
Generic (before ash analysed) → specific (once ash 
analysed)
Process: messages drafted, peer reviewed, translated, 
provided to MFAT and/or regional Clusters to pass on to 
Tongan government agencies



Input to Pacific WASH water security brief

• NZ input via ESR, NZVSAP 
and IVHHN

• TnT role in advising on water 
resources in Tonga







Leachable element composition of Hunga ash
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Leachable element properties of Hunga ash

• Not acidic

• Very high NaCl content

• Very low fluoride and trace 
metals

Management implications:
• Few issues for human or animal 

health (though animals should still 
be provided with clean feed)

• Few issues for rainwater tanks 
other than salty taste

• High Na may cause short to 
medium term issues for soil health 
– may need calcium-based soil 
amendments



GRADE report, 
GFDRR/World Bank 2022 



GRADE report agricultural 
damage assessment:
• Impacts on agriculture:

• 80% volcanic 
• 20% tsunami

• Est. $US 20.9 million direct 
damage to agriculture

• Low losses of root crops (cassava 
and yams)

• High losses of fruit trees and 
plants and leafy vegetables

• Some damage to commercial 
crops such as sandalwood

• Some loss of livestock



• Model: Hayes et al. (2017) clean up model used to estimate
clean up requirement on Tongatapu. Model informed by
empirical data from previous ash clean-up operations from
around the world.

• Model inputs
• Three separate ash thickness scenarios used, due to ash hazard

uncertainty at time of modelling.
• Different exposure data sets used to illustrate potential

exposure uncertainty (e.g., dataset completeness).

• Results:
• 150,000-280,000m3 of ash estimated requiring clean up on

Tongatapu, assuming uniform 25mm ashfall thickness
• A 30-60 mm ashfall yields 190,000-640,000 m3

• Assessment
• Despite uncertainty, all scenarios point towards a considerable

clean-up effort being necessary to remove ash from affected
communities:

• Also potential for highly mixed waste streams:
• Ash

• Sediment/mud

• Building debris
• Vegetation

Thickness (mm)

Ash volume requiring removal (m3)

Roads Roofs Total

1-10 1,800 – 32,000 7,300 – 36,000 11,000 – 100,000

20 – 30 20,000 – 111,000 81,000 – 120,000 120,000 – 330,000

30 - 60 32,000 – 200,000 130,000 – 230,000 190,000 – 640,000

Volcanic Ashfall Impact Assessment:

Tongatapu Clean Up Estimates



Some early lessons

• Value of pre-prepared messages/information for rapid sharing – cannot be overstated.  NZ-developed 
resources (again) used widely, but probably need Pacific tweaks.

• Value of pre-existing networks and relationships was highlighted.

• Rapid ash analysis was key to providing targeted advice. Substantial challenges in obtaining pristine ash 
samples in a timely way.

• Water supply and ash clean up was more of a challenge than anticipated (again…)

• Potential (lost?) opportunities: 
• TnT active in Pacific and advising – unclear if connection to NZVSAP (two way learning)

• Aid focus from MFAT – probably fair enough.  Opportunity for more capability and capacity building projects on volcano 
resilience in Pacific 


