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LAKI-TYPE ERUPTION USING NorESM 

High-‐La6tude	  Volcanic	  Erup6ons	  	  
Lakagigar	  (LAKI)	  erup6on	  in	  1783	  	  

Laki	  
Lasted	  about	  8	  months	  from	  8	  June	  1783	  to	  7	  February	  1784	  

EmiJed	  122	  Tg	  of	  SO2	  of	  which	  95	  Tg	  into	  the	  LS/UT	  9-‐13	  km	  
Pinatubo	  emiJed	  “only”	  20	  Tg	  of	  SO2	  (up	  to	  24	  km	  though)!	  	  

Largest	  basal'c	  lava	  flow	  in	  historic	  'me	  

eruption was characterized by quiet emission of lava and
gas.
[11] A specific estimate made from observations of the

Laki explosive eruption columns between June and August
1783 show that their height was in excess of 9 km
[Stephensen, 1783]. The fact that such high columns
persisted into the third month of activity implies that the
columns were higher in the early stages of the eruption
when its intensity was greater. Model calculations indicate
that eruption columns reached heights >13 km during the

early phases and that columns >10 km high were main-
tained for the first 3 months [Thordarson and Self, 1993;
Woods, 1993]. Consequently, the Laki eruption columns
reached well into the westerly jet stream (Figure 3), which
dominates the atmospheric circulation above Iceland at the
tropopause level [Jónsson, 1990].

2.3. Atmospheric Venting of Sulfur

[12] The petrologic estimate of the amount of SO2, H2O,
Cl, and F released by Laki eruption into the atmosphere is
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Figure 2. (a) Diagrammatic presentation of the sequence of events during the Laki eruption showing the
timing and duration of the 10 eruption episodes (labeled I–X) as well as the occurrence of explosive
phases and fluctuations in the magma eruption rates. Arrows indicate onset and termination of Laki
eruption; eruption clouds denote an explosive phase at Laki fissures; the black curve shows qualitatively
changes in the magma discharge with time. Horizontal bars indicate duration of each eruption episodes.
Modified from Thordarson and Self [1993]. (b) Atmospheric SO2 mass loading by the Laki eruption.
Solid line and open squares show the cumulative SO2 output (scale to the left). Vertical bars and filled
circles show SO2 mass released at the vents during each eruption episode and the broken line indicates
sulfur mass released by the lava (scale to the right). Arrow indicates the end of the Laki eruption.
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LAKI-TYPE ERUPTION USING NorESM 
4-‐month	  erup6on:	  
100	  Tg	  SO2	  
100	  Tg	  Dust	  

Table 1.

(a) Revised Data on Eruption Episodes, Magma Volume per Episode, and Atmospheric SO2 Mass Loading by Laki

Eruption Episode Episode Duration

Timing of
Peak SO2

Emission

Magma
Volume,
km3

SO2 Released,
Total, Mt

SO2 Released,
Vents, Mt

Percent of Total
Mass Released,

Vents
H2SO4 Aerosol

Yield, Mt

I 8–10 June 8 June 1.25 10.3 8.3 6.8 17.0
II 11–13 June 11–12 June 2.01 16.7 13.5 11.1 27.6
III 14–21 June 14–15 June 2.80 23.2 18.7 15.3 38.2
IV 25 June to 1 July 26–28 June 1.61 13.4 10.8 8.9 22.1
V 9–21 July 9–10 July 1.33 11.0 8.9 7.3 18.2
VI 29 July to 9 Aug. 29–30 July 1.97 16.3 13.2 10.8 26.9
VII 31 Aug. to 4 Sept. 31 August? 1.15 9.6 7.7 6.3 15.8
VIII 7–14 Sept. 7 Sept. 0.87 7.3 5.9 4.8 12.0
IX 24–29 Sept. 24–25 Sept. 0.66 5.4 4.4 3.6 9.0
X 25–30 Oct. 25 October 0.44 3.6 2.9 2.4 6.0
Last 3 months 1 Nov. 1983

to 7 Feb. 1984
– 0.61 5.1 4.1 3.4 8.4

Total 14.70 122 98.5 80.7 201.1

(b) Estimated Upper Atmospheric Sulfur Mass Loadingsa

Episodes Subtotal
Magma Volume,

km3
SO2 at

Vents, Mt
SO2 at Vents
Cumulative, Mt

H2SO4 Aerosol
Yield, Mt

H2SO4Aerosol Yield
Cumulative, Mt

I+II+III 6.1 40.6 40.6 82.9 82.9
IV+V+VI 4.9 32.9 60.3 67.2 123.1
VII+VIII 2.0 13.6 87.1 27.7 177.8
IX+X 1.1 7.3 94.4 15.0 192.8
Last 3 months 0.6 4.1 98.5 8.4 201.1

aLoadings are given for periods 8–15 June (episodes I– III), 25 June to 9 August (episodes IV–VI), 31 August to 14 September (episodes VII–VIII), 24
September to 30 October (Episodes IX–X), and the last 3 months.

Figure 3. A schematic illustration showing the key features of the two-stage degassing in flood lava
eruptions. Modified from Thordarson et al. [1996].
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Time	  distribu6on:	  
Not	  evenly	  distributed	  (i.e.	  0.83	  Tg/day)	  
Impulses	  of	  5	  days	  every	  2	  weeks	  
Stronger	  the	  first	  2	  months	  (80	  %)	  

	  
<5km(500mb):	   	  	   	  20	  Tg	  
	  9-‐13km(300-‐150mb): 	  70	  Tg	  
	  13-‐15km	  (150-‐100	  mb):	   	  10	  Tg	  

Height	  distribu6on:	  
Not	  evenly	  distributed	  

EXPERIMENT	  SET-‐UP	  
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	  Ensemble	  mean	  change	  in	  SO4	  	  (Tg)	  mass	  loading	  (lef)	  and	  30°W	  to	  45°E	  mean	  
SO4	  concentra'ons	  (ppbv)	  for	  the	  summer	  following	  the	  erup'on	  (JJA	  year	  01)	  

over	  the	  Northern	  Hemisphere	  (NH)	  from	  the	  surface	  to	  100	  mbar	  (right)	  

SO4	  burden	  and	  concentra6ons	  
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	  Ensemble	  mean	  change	  in	  SO4	  	  (Tg)	  mass	  loading	  for	  the	  summer	  following	  
the	  erup'on	  (JJA	  year	  01)	  over	  the	  Northern	  Hemisphere	  (NH)	  from	  the	  surface	  

to	  100	  mbar	  	  

Oman	  et	  al.	  2006	  
SO4	  burden	  and	  concentra6ons	  
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	  Ensemble	  mean	  change	  in	  30°W	  to	  45°E	  mean	  SO4	  	  concentra'ons	  (ppbv)	  for	  
the	  summer	  following	  the	  erup'on	  (JJA	  year	  01)	  over	  the	  Northern	  

Hemisphere	  (NH)	  from	  the	  surface	  to	  100	  mbar	  	  

Oman	  et	  al.	  2006	  
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ΔAOD:	  1.53	  vs.	  0.51	  

Oman	  et	  al.	  2006	  

AOD	  CHANGES	  
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ΔAOD:	  1.53	  vs.	  0.51	  
	  

ΔRF:	  –11	  vs.	  –4	  W/m2	  
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The	  differences	  in	  the	  AOD	  are	  most	  likely	  due	  to	  the	  differences	  in	  effec've	  radii:	  
smaller	  par'cles	  scaJer	  light	  more	  efficiently	  	  

	  
The	  specific	  surface	  area,	  i.e.	  surface	  area	  seen	  by	  radia'on	  	  
goes	  as	  the	  inverse	  of	  twice	  the	  effec've	  radius	  (~1/2reff)	  

ΔAOD:	  1.53	  vs.	  0.51	  
	  

ΔRF:	  –11	  vs.	  –4	  W/m2	  
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Average	  effec6ve	  radius:	  
	  

	  	  0.54-‐0.61	  μm	  	  vs.0.2	  μm	  
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Average	  effec6ve	  radius:	  
	  

	  	  0.54-‐0.61	  μm	  	  vs.0.2	  μm	  

2.5—3	  'mes	  fewer	  large	  par'cles	  than	  in	  Oman	  et	  al.	  (2006)	  

greater	  op'cal	  depth	  by	  a	  	  factor	  of	  2-‐3	  
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The	  reason	  of	  such	  small	  par6cles?	  
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The	  reason	  of	  such	  small	  par6cles?	  
	  	  

CAM4–Oslo	  does	  not	  simulate	  growth	  by	  self	  coagula'on	  
	  (coagula'on	  of	  Aitken-‐mode	  par'cles	  combining	  to	  form	  larger	  par'cles).	  	  

	  
CAM4–Oslo	  simulates	  nuclea'on	  and	  growth	  to	  Aitken	  mode	  size,	  
	  and	  also	  growth	  of	  background	  aerosols	  (there	  prior	  to	  the	  erup'on).	  
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The	  reason	  of	  such	  small	  par6cles?	  
	  	  

CAM4–Oslo	  does	  not	  simulate	  growth	  by	  self	  coagula'on	  
	  (coagula'on	  of	  Aitken-‐mode	  par'cles	  combining	  to	  form	  larger	  par'cles).	  	  

	  
CAM4–Oslo	  simulates	  nuclea'on	  and	  growth	  to	  Aitken	  mode	  size,	  
	  and	  also	  growth	  of	  background	  aerosols	  (there	  prior	  to	  the	  erup'on).	  

	  
	  Self-‐coagula'on	  is	  an	  important	  mechanism	  afer	  an	  erup'on	  when	  	  

a	  massive	  amount	  of	  sulfate	  is	  injected.	  	  
	  

In	  CAM4-‐Oslo	  the	  only	  growth	  mechanism	  is	  condensa'on,	  and	  
intra-‐modal	  coagula'on	  is	  not	  taken	  into	  account.	  
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To	  test	  whether	  in	  our	  model	  the	  presence	  of	  larger	  par'cles	  would	  
lead	  to	  a	  reduced	  AOD	  

	  
we	  run	  three	  addi'onal	  sensi'vity	  simula'ons	  in	  which:	  	  

	  
a)  We	  impose	  that	  2.5%	  of	  SO4	  mass	  is	  already	  in	  the	  accumula'on	  mode	  

(PCT2.5);	  
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b)  We	  impose	  that	  10%	  of	  SO4	  263	  mass	  is	  already	  in	  the	  accumula'on	  

mode	  (PCT10);	  
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a)  We	  impose	  that	  2.5%	  of	  SO4	  mass	  is	  already	  in	  the	  accumula'on	  mode	  

(PCT2.5);	  
	  
b)  We	  impose	  that	  10%	  of	  SO4	  263	  mass	  is	  already	  in	  the	  accumula'on	  

mode	  (PCT10);	  
	  
c)  We	  impose	  that	  25%	  of	  SO4	  264	  mass	  is	  already	  in	  the	  coarse	  mode	  

(PCT25ss).	  
However,	  the	  model	  does	  not	  allow	  sulfate	  in	  the	  coarse	  mode.	  Hence,	  
	  we	  emit	  the	  primary	  sulfate	  as	  "sea	  salt"	  (SS)	  since	  coarse	  sea	  salt	  	  
already	  exists	  and	  they	  are	  op'cally	  similar	  to	  sulfate.	  
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NorESM	  is	  able	  to	  reproduce	  the	  correct	  SO4	  concentra'ons,	  
whereas	  it	  cannot	  capture	  the	  right	  par'cle	  size	  and	  
consequently	  the	  radia've	  forcing	  induced	  by	  the	  volcanic	  SO2	  
emission.	  	  
	  
The	  sensi'vity	  tests	  shows	  that	  if	  our	  model	  had	  included	  intra-‐
modal	  coagula'on	  leading	  to	  coarse	  SO4	  	  par'cles,	  the	  simulated	  
radia've	  proper'es	  would	  have	  	  been	  more	  accurate.	  

CONCLUSIONS	  


