
 

 

 

 

Report for the year 2023 and future activities 

 

SOLAS Chile 

compiled by: Alexander Galán 

 

This report has two parts: 

- Part 1: reporting of activities in the period of January 2023 - Feb/Mar 2024 

- Part 2: reporting on planned activities for 2024 and 2025.  

The information provided will be used for reporting, fundraising, networking, strategic development 

and updating of the live web-based implementation plan. As much as possible, please indicate the 

specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overlap 

between Core Themes or Cross-Cutting Themes.   

Core Theme 1: Greenhouse gases and the oceans; 

Core Theme 2: Air-sea interfaces and fluxes of mass and energy; 

Core Theme 3: Atmospheric deposition and ocean biogeochemistry;  

Core Theme 4: Interconnections between aerosols, clouds, and marine ecosystems;  

Core Theme 5: Ocean biogeochemical control on atmospheric chemistry;  

Cross-Cutting Theme: Integrated studies of high sensitivity systems (upwelling systems, 

Indian Ocean, polar oceans and sea ice);  

Cross-Cutting Theme: Climate intervention; 

Cross-Cutting Theme: Science and society.  

 

IMPORTANT: This report should reflect the efforts of the SOLAS community in the entire country or 

region you are representing (all universities, institutes, lab, units, groups, cities).  

 

First things first…Please tell us what the IPO may do to help you in your current and future 
SOLAS activities. ? 

The IPO could support us to consolidate the Latin American network on Marine 

Biogeochemistry (see details below), created to generate a space for regional collaboration 

under common scientific interests that contribute to reduce spatial and temporal knowledge gaps, to 

achieve a better understanding of biogeochemical variability, the processes that control the 

greenhouse gases cycling, and the system's response to environmental stressors on a regional 

scale. 

 

 

PART 1 - Activities from January 2023 to Feb/Mar 2024 

1. Scientific highlight 
 
GHG Cycling in coastal upwelling systems: uncertainties and implications in a warming world  
 



This work provides a synthesis of the current knowledge on the surface ocean-lower atmosphere 

biogeochemistry and its role on GHG cycling in major coastal upwelling systems and its uncertainties 

and implications under a warmer climate. This synthesis is a contribution to the study of GHG in 

upwelling systems, a core theme in a key environment of the Science Plan and Organization of the 

Surface Ocean- Lower Atmosphere Study (SOLAS) project 2015-2025. The main results of this 

review is that (although with variations within and among upwelling systems), in general, low-latitude 

systems act as a net source of carbon to the atmosphere, while those at higher latitudes are weak 

sinks or remain neutral with respect to atmospheric CO2.  These systems also contribute significantly 

to oceanic emissions of N2O and CH4, although the magnitudes remain uncertain. Despite coastal 

warming is projected for all major coastal upwelling systems in the near future, the implications for 

the GHG cycling due to wind-modulating upwelling intensification and its implications in the context 

of global oxygen loss (see negative values in the Figure) and increased stratification are uncertain. 

 

 
 
Projected future O2 changes in the thermocline. Effect of climate change on oxygen concentration (in µmol kg−1) in the 
depth range of 200–600 m in the CESM (community Earth system model) Large Ensemble (Kay et al., 2015) using 34 
members: difference in mean conditions between the present (1950–2005, “historical” scenario) and the future (2050–2100, 
RCP8.5 scenario) for dissolved oxygen (positive values indicate an increase of O2 in the future). The blue and red contour 
lines show the isolines of 20 µmol kg−1 for the present and future climates, respectively. The orange dots (stippling) correspond 
to the locations where the change in oxygen concentration is not significant at the 99% level according to a Wilcoxon rank 
sum test. 

 
There are still important uncertainties regarding the ongoing and future impacts of climate change 
on the upwelling systems, mainly because their highly spatiotemporal variability, due to the 
occurrence, on different timescales, of local and remote atmospheric and oceanic drivers. 
Furthermore, both the scientific interest (e.g., monitoring, functioning, structure) and the quality of 
the data (amount and resolution) are neither the same nor comparable. For instance, different 
datasets suggest different trends, both across and within upwelling systems.  
 
Authors finally addresses some recommendations for future research: 
 
1. Enable and improve the detectability of long-term changes in major upwelling systems. 

An improvement in the length and resolution of the main observational data sets is required, 
especially in the less studied systems (Canary Islands, Arabian Sea and Humboldt). To this end, 
appropriate observational strategies should be designed that include regular monitoring of key 
physical and biogeochemical variables. 
 

2. Assess the vulnerability of major upwelling systems to climate change. Improve 
understanding of the factors that control sensitivity to global change and explain their differences 
from the main upwelling systems. 

 
Lachkar, Z, Cornejo-D’Ottone, M, Singh, A, Arístegui, J, Dewitte, B, Fawcett, S, Garçon, V, Lovecchio, E, Molina, V, 

Vinayachandran, PNM. 2024. Biogeochemistry of greenhouse gases in coastal upwelling systems: Processes and 
sensitivity to global change. Elementa: Science of the Anthropocene 12(1). https://doi.org/10.1525/ 

 

2. Activities/main accomplishments in 2023 (e.g., projects; field campaigns; workshops and 

conferences; model and data intercomparisons; capacity building; international 

collaborations; contributions to int. assessments such as IPCC; collaborations with social 

javascript:;
https://doi.org/10.1525/


sciences, humanities, medicine, economics and/or arts; interactions with policy makers, 

companies, and/or journalists and media). 

2.1. Research Program for Climate Action Planning (CLAP)  

The CLAP program is an initiative developed by Center for Advanced Studies in Arid Zones (CEAZA) 

and funded by National Agency for Research and Development of Chile – ANID, through the 

Competition for Strengthening the Scientific Development of Regional Centers (R20F0008- 2021-

2025), whose main objectives are: 

Overarching goal: Improve predictions of the response of interconnected biosphere components to 

climate change and variability at multiple scales in north-central Chile to support effective climate 

planning.  

Specific goals:  

• Generate mesoscale to local predictions of future climate change effects in north-central Chile 

(ocean-atmosphere-biota) using a regional Earth System Model including key processes at a local 

scale (e.g. ocean-biogeochemical coupled processes, river run-off, air-sea-land interactions).  

• Enhance the coastal meteorological and oceanographic observing network by incorporating an 

array of multidisciplinary sensors and co-building observational strategies with local stakeholders.  

• Characterize and project the physiological tolerance of key marine species to climate variability and 

extreme events to estimate the evolution and resilience of ecosystem services  

 

As the Principal Investigator of the Biogeochemical Research Line (RL2), a coupled ocean-

atmosphere model is being built as part of the Earth System Model (Specific goal 1). Since 2022 to 

date, seven oceanographic campaigns have been conducted to obtain the necessary data to feed 

the nitrogen-based biogeochemical model (Coastal and Regional Ocean COmmunity model - 

CROCO, https://www.croco-ocean.org/), specifically developed for upwelling systems (Gutknecht et 

al., 2013). These comprehensive surveys were carried out along the marine water column associated 

with the Minimum Oxygen Minimal Zone off Coquimbo region (Guanaqueros system). Sampling 

included measurements, at high vertical resolution, of in situ physical, chemical, and biological 

parameters, and collection of water from discrete depths, characterized as representing the greatest 

biogeochemical vertical variability in the system (i.e., surface, oxycline, OMZ upper boundary, and 

OMZ core), to assess C and N pools, the presence and abundance of key planktonic species (using 

traditional and molecular tools), and 

for laboratory experiments using 15N 

tracers (i.e., 15NO3, 15NO2, and 15NH4) 

to assess fundamental microbial 

processes related to the nitrogen 

cycle (i.e., nitrification, denitrification, 

DNRA, anammox) (Galán et al., 

2009; 2014). 

Part of this information has been 

processed already (see Figure and 

table), but due the complexity of the 

analysis required, some samples 

(e.g., molecular, isotopic, and tracers 

experiments) are still in progress. 

Figure. Typical CTD profile off Guanaqueros Bay, Region of Coquimbo, Chile, showing the depth distribution of Temperature, 

Oxygen, Fluorescence and the Photosynthetically Active Radiation (PAR). 

 

 

https://www.croco-ocean.org/


Table. State variables used for build the biogeochemical model (BioEBUS). 

 

Under the CLAP umbrella, ANID has awarded two international collaborative networks. These two 

projects will focus on strengthening local capacities related to isotope-based analysis of C and N 

cycles in marine systems. These projects are led by myself and by Dr. Víctor Aguilera. The 

International biogeochemical network for understanding climate change impacts on coastal upwelling 

ecosystems, focused on the N cycle, has the collaboration of Dr. Bo Thaumdrup from the University 

of Southern Denmark and International Alliance for the generation of knowledge and capacities to 

detect remote and local processes of Ocean Acidification in the coasts of Chile, focused on the C 

cycle, has the collaboration of Dra. Babette Hoogakker from Heriot-Watt University. Both awarded 

projects contributed to the training of advanced human capital directly related to the objectives of the 

Project, as both include workshops and e-learning activities related to the C and N cycles, in line with 

the specific objectives of RL2. 

2.2.  Second International GO2NE Summer Course GOOD-OARS-CLAP-

COPAS 

Participation as lecturer (http://www.ceaza.cl/summerschool/program/lecturers/) of the Second 

International Summer Course GOOD-OARS-CLAP-COPAS (http://www.ceaza.cl/summerschool/), 

co-organized by IOC-UNESCO, CEAZA, and the Universidad Católica del Norte, and held between 

November 6 and 12, 2023. 

2.3.  SOLAS Latin American Workshop. Marine biogeochemistry research 

on Latin American coastal zones 

Organized together with Dra. Marcela Cornejo (Chile and former SOLAS Scientific Steering 

Committee) and Dra. Constanza Ricaurte (Colombia), this 

international workshop took place on May 26, 2023.  

The aims of this activity supported by SOLAS was to learn 

about current research on coastal marine biogeochemistry 

in Latin America, focusing on, but not restricted to, the key 

biogeochemical-physical interactions and feedbacks 

between the ocean and the atmosphere of upwelling 

zones, and create a Latin American community network to 

start collaborations under common scientific interests that 

contribute to reducing spatial and temporal knowledge 

gaps, to achieve a better understanding of biogeochemical 

variability, the processes that control the greenhouse 

gases cycling, and the system's response to 

environmental stressors on a regional scale. Likewise, with 

the creation of this network, it is intended to understand 

how this coupled ocean-atmosphere system affects and is 

affected by climate and environmental change, in order to 

find new ways to further contribute toward constructive 

solutions to the concerns of the society. 

This activity was attended by 10 speakers from 8 countries in the region. 117 people from 16 different 

countries attended the event, of which 94% were from Latin America. The event was broadcasted 

http://www.ceaza.cl/summerschool/program/lecturers/
http://www.ceaza.cl/summerschool/


online with the support of SOLAS. To date, the YouTube channel has 154 views 

(https://www.youtube.com/watch?v=gP3XaAw5MKY). 

3. Publications in 2023 (only PUBLISHED articles) and if any, weblinks to models, datasets, 
products, etc.  
De La Maza, L. and Farías, L. (2023), The intensification of coastal hypoxia off central Chile: Long 

term and high frequency variability. Front. Earth Sci. 10:929271. 

https:/doi.org/10.3389/feart.2022.929271 

Lachkar, Z, Cornejo-D’Ottone, M, Singh, A, Arístegui, J, Dewitte, B, Fawcett, S, Garçon, V, 

Lovecchio, E, Molina, V, Vinayachandran, PNM. (2024). Biogeochemistry of greenhouse gases 

in coastal upwelling systems: Processes and sensitivity to global change. Elementa: Science of 

the Anthropocene 12(1). https://doi.org/10.1525/ 

Bustos-Espinoza, L., Torres-Ramírez, P., Figueroa, S. ...Galán, A. (2024). Biogeochemical 

response of the water column of Concepción Bay, Chile, to a new regime of atmospheric and 

oceanographic variability. Geosciences (Accepted).  

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 2023? If yes, who? How did you engage? 
As a part of the project “International biogeochemical network for understanding climate 

change impacts on coastal upwelling ecosystems - InBioNet”, led by myself and funded by the 

National Agency for Research and Development of Chile – ANID, through the call to promote 

international links for regional research institutions (FOVI21005 - 2022-2023), and whose main 

objective was generate and strengthen a scientific-technological network between regional 

institutions in Chile and Denmark to understand, from an interdisciplinary perspective, the impacts of 

climate change/climate crisis on the biogeochemistry of the coastal upwelling ecosystem of the 

eastern South Pacific, allowed the support of Dr. Bo Thaumdrup, from the University of Southern 

Denmark, who is also an international collaborator of the CLAP project, was consolidating. 

 

As a part of the project “Omics and Nitrogen BiOgeochemistry Applied foR moDeling in Chile - 

ONBOARD”, in which I participate as a research associate and funded by the National Agency for 

Research and Development of Chile – ANID, through the call scientific cooperation ECOS/ANID 

(ECOS220026 - 2023-2024), and whose main objective is improve our understanding of the 

biogeochemical cycles along the coast of Chile, through combining different modeling approaches, 

and analyzing existing and new data, the support of Dra. Veronique Garcon, from LEGOS, France, 

who is also an international collaborator of the CLAP project, was improving. 

 

PART 2 - Planned activities for 2024 and 2025 

1. Planned major national and international field studies and collaborative laboratory and 
modelling studies (incl. all information possible, dates, locations, teams, work, etc.).  

Research Program for Climate Action Planning (CLAP). ANID 2021-2025. Field campaigns and 

developed of the coupled ocean-atmosphere CROCO model.  

Omics and Nitrogen BiOgeochemistry Applied foR moDeling in Chile – ONBOARD. ECOS/ANID 

2023-2024. 

2. Events like conferences, workshops, meetings, summer schools, capacity building etc. 
(incl. all information possible).  
Postulation as expositor of the Congreso Lationoamericano de Ciencias del Mar, COLACMAR 

(https://colacmarcbo2024.com/es/), with the work Biogeochemical response of the water column of 

Concepción Bay, Chile, to a new regime of atmospheric and oceanographic variability. 

3. Funded national and international projects/activities underway.  

https://www.youtube.com/watch?v=gP3XaAw5MKY
https://doi.org/10.3389/feart.2022.929271
https://doi.org/10.1525/
https://colacmarcbo2024.com/es/


Research Program for Climate Action Planning (CLAP). ANID 2021-2025. 

Omics and Nitrogen BiOgeochemistry Applied foR moDeling in Chile – ONBOARD. ECOS/ANID 

2023-2024. 

4. Plans / ideas for future national or international projects, programmes, proposals, etc. 
(please indicate the funding agencies and potential submission dates).  

Postulation of a project to the ANID 2024 call to promote international links for research institutions 

to consolidate a regional network on marine biogeochemistry study in Latin American (July 2024). 

5. Engagements with other international projects, organisations, programmes, etc. 
 

 

Comments 
 

 


