Supplementary Material for Manuscript:

Biomass burning related ozone damage on vegetation over the Amazon forest: A model sensitivity study.
F. Pacifico1, G. A. Folberth2, S. Sitch3, J. M. Haywood1,2, L. V. Rizzo5, F. F. Malavelle, and P. Artaxo4
1 College of Engineering, Mathematics and Physical Sciences, University of Exeter, Exeter, UK

2 Met Office Hadley Centre, Exeter, UK

3 Geography, College of Life and Environmental Sciences, University of Exeter, Exeter, UK

4 Department of Applied Physics, Institute of Physics, University of Sao Paulo, Sao Paulo, Brazil

5 Department of Earth and Exact Sciences, Institute of Environmental, Chemical and Pharmaceutics Sciences, Federal University of Sao Paulo, Sao Paulo, Brazil

Model evaluation of surface temperature and precipitation over South America. 

HadGEM2 is able to reproduce the main spatial distribution of surface temperature (Figure 1) and precipitation (Figure 2). Surface temperature simulated with HadGEM2 exhibits a cool bias in the region of up to 2(C colder than in the observations over the Amazon forest. Simulated precipitation rate is in good agreement with observations.

Model evaluation of Net Primary Productivity (NPP).

Simulated HadGEM2 NPP are compared against a meta-analysis of field data from the Ecosystem Model Data Model Intercomparison project (EMDI) (Olson et al., 2001). Measurements from the 81 ‘class A’ (”well documented and intensively studied”) sites, representative of all major global biomes, are compared against our simulations. Traditionally, global vegetation models underestimate NPP in tropical ecosystems, and tend towards an asymptote of ~1000 g C m–2 (Prentice et al., 2007). HadGEM2 is able to reproduce the main geographical variations of NPP globally (Figure 3), especially in the Northern Hemisphere, where more observations are available. In addition HadGEM2 is able to better simulate higher tropical NPP, although it appears to overestimate NPP over the Amazon region.
Model evaluation of ozone (O3).
Ozone concentration simulated with HadGEM2-UKCA-ExtTC agrees better with observations at higher altitudes and higher latitudes (Figure 4). The model tends to overestimate O3 concentration over tropical areas, especially closer to the surface. Comparison with a selection of observed profiles of O3 concentration shows model overestimations for some locations and but extremely good agreement for others (Figure 5). Some differences may be expected given that the observations are from campaigns with specific meteorological conditions, while the model simulations represent a multi-year mean from the model. Comparison with a selection of surface O3 observations (Figure 6) confirms again how the model shows a better agreement with observations taken at higher latitudes.

Comparison of O3 deposition fluxes against Rummel et al. (2007).

Simulated O3 deposition fluxes across South America (Figure 7) are in reasonable agreement with observations from several Amazonian sites (see Table 1, Rummel et al., 2007), giving further confidence in our ability to correctly simulate ozone dry deposition in tropical environments.

Figures

1. Comparison of the annual average surface temperature of CRU-TS (Climatic Research Unit Time-Series) version 3.22 (Harris et al., 2014) with HadGEM2 control simulation.

2. Comparison of the annual average precipitation of CRU-TS version 3.22 (Harris et al., 2014) with HadGEM2 control simulation.

3. Comparison of Net Primary Productivity (NPP) of the EMDI (Ecosystem Model-Data Intercomparison) dataset (Olson et al., 2001; dots) with HadGEM2 control simulation.

4. Comparison of the annual cycle of O3 observations (black) with UKCA-ExtTC (blue), the ACCENT ensemble of models (grey) and the ACCENT multi-model ensemble mean (red). Observations are taken from Logan et al. (1999) and Thompson et al. (2003a, b). The modelled and observed O3 concentrations at 100 and 250 hPa in the latitude bands 30(S–EQ and EQ–30(N have been multiplied by a factor of 2.
5. Comparison between regional vertical profiles of modelled (red) and observed (black) O3 from various aircraft campaigns compiled into data composites by Emmons et al. (2000). In particular, regional profiles are compared from 4 different aircraft campaigns: the Pacific Exploratory Mission in the Tropical Pacific (PEM-Tropics B) campaign, which took place during the wet season of the southern tropics (March–April 1999); the Pacific Exploratory Mission West A (PEM West A) aircraft campaign, which took place in September–October 1991 over the northwestern Pacific; the Subsonic Assessment Ozone and Nitrogen Oxide Experiment (SONEX) and Pollution From Aircraft Emissions in the North Atlantic Flight Corridor (POLINAT 2) campaigns which took place during September to November 1997 in particular; the Transport and Atmospheric Chemistry near the Equator – Atlantic (TRACE A) field campaign (Fishman et al., 1996), which took place during September–October 1992.
6. Comparison between multi-annual monthly mean modelled surface O3 concentrations with surface observations. The surface sites include Barrow (71(N, 157(W), Mace Head (53(N, 10(W), Niwot Ridge (40(N, 106(W), Bermuda (32(N, 65(W), Mauna Loa (20(N, 156(W), Barbados (13(N, 59(W), Samoa (14(S, 171(W), Cape Grim (41(S, 145(E), Syowa (69(S, 39(E), and the South Pole (90(S, 0(E). The relative annual mean bias (in %), the root mean square error (in ppbv), the correlation coefficient, and the model score (the percentage of months when the modelled and observed monthly mean concentrations are within 20% of each other; in %) are shown for each location in blue, purple, green, and orange, respectively.
7. Ozone deposition fluxes (nmol/m2/s) simulated with HadGEM2 for South America, averaged over 8 years of simulations, for the wet (Figure a; February, March, April, FMA) and dry season (Figure b; August, September, October, ASO).
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