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Pan-Eurasian Experiment (PEEX) 
Program: An overview of the first 
5 years in operation and future 
prospects
Abstract. The Pan-Eurasian Experiment (PEEX) program was initiated as a bottom-up 
approach by the researchers coming from Finland and Russia in October 2012. The PEEX 
China kick off meeting was held in November 2013. During its five years in operation, 
the program has established a governance structure and delivered a science plan for the 
Northern Eurasian region. PEEX has also introduced  a concept design for  a modelling 
platform and ground-based in situ observation systems for detecting land-atmosphere 
and ocean-atmosphere interactions. Today, PEEX has an extensive researcher’s network 
representing research communities coming from the Nordic countries, Russia and China. 
PEEX is currently carrying out its research activities on a project basis, but is looking 
for more coordinated funding bases, especially in Russia and in China. The near-future 
challenge in implementing the PEEX research agenda is to achieve a successful integration 
and identification of the methodological approaches of the socio-economic research to 
environmental sciences. Here we give insight into these issues and provide an overview 
on the main tasks for the upcoming years. 

Key words: multidisciplinary approach, multiscale research, global grand challenges, 
arctic-boreal environment, observation networks, modelling platform, land-atmosphere 
interactions, the Arctic Ocean
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Introduction

The Pan-Eurasian Experiment (PEEX) 
Program (www.atm.helsinki.fi/peex/) is an 
international, multidisciplinary, multiscale 
bottom-up initiative. The precursor idea of 
PEEX, first called as “Pan-Siberian Experiment”, 
was released in 2011.  The importance of the 

Siberia region and it’s boreal (taiga) forests in 
the climate system was introduced by Kulmala 
et al. (2011), who emphasized biogenic 
volatile organic compound (BVOC) emissions 
from the boreal forest, their connection to 
secondary aerosol formation process and 
aerosols in the cloud formation processes and 
in turn their effect on the radiation balance on 
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the Earth surface. Thus, the first idea was to 
organize a measurement program for aerosols, 
greenhouse gases (GHG) and BVOCs. It was 
also discussed that such type of program could 
serve as a starting point for establishing a more 
coherent, coordinated observation network 
extending from Scandinavia to China and with 
the focus on the understanding processes in 
the land- atmosphere interface.  In 2012, this 
idea expanded to cover the whole Northern 
Eurasian geographical domain and evolved 
into PEEX (Kulmala et al. 2011; Lappalainen et 
al. 2014, 2015). 

Governance 

The promoter institutes of the PEEX Program 
have been the University of Helsinki (UHEL) 
and Finnish Meteorological Institute in Finland 
(FMI), Institute of Geography of the Moscow 
State University, AEROCOSMOS, and Institute 
of Atmospheric Optics (Siberian branch, 
the Russian Academy of Sciences (SB RAS)) 
in Russia, Institute of Remote Sensing and 
Digital Earth (RADI) of the Chinese Academy 
of Sciences (CAS) and Institute for Climate 
and Global Change Research of Nanjing 
University in China. The program governance 
and communications are coordinated by the 
PEEX Offices in Helsinki (PEEX Headquarters), 
in Moscow, in Beijing and in Nanjing. One of 
the main tasks of the PEEX Headquarters is to 
coordinate information flows and distribute 
information at different scales. In 2018, the 
PEEX office network is expected to expand 
and new offices or local contact points will 
be established Russia in cities of Vladivostok 
and Tyumen. The upcoming challenge will be 
the training of the new PEEX science officers 
to act as local contact points and to establish 
fluent information flows within the network. 
The Program Steering Committee consists of 
internationally recognized central scientists 
and research directors in their fields, who are 
overseeing and discussing the position of 
PEEX program in the international research 
and research infrastructure landscape. At an 
institutional level, the collaboration within PEEX 
is typically initiated by signing a Memorandum 
of Understanding (MoU) with the PEEX 
program. Up to this date, we have signed PEEX-
oriented Memorandum of Understanding 
(MoUs) with 30 and 5 universities or research 
institutes in Russia and China, respectively. 

As a whole, the PEEX researchers’ network 
includes approximately 4000 researchers from 
20 countries in Europe, Russia and China. The 
network is currently dominated by the experts 
representing the atmospheric sciences. The 
near-future challenge in implementing the 
PEEX research agenda is the identification and 
integration of the socio-economic and marine 
researchers into the PEEX research community 
at a larger scale.  The PEEX science conferences 
are the main forum for the research community 
to share their scientific outcomes. For the 
3rd Science Conference (held in Moscow,  
September 2017), altogether 181 abstracts were 
submitted; of which 113 (63%) represented 
atmospheric sciences, 24 (13%) ocean sciences, 
and 44 (24%) socio-economics disciplines, 
including political and epidemiological 
sciences, research infrastructures (12; 7%), and 
university science oriented education (5; 3%).

In addition to the organization of the 
conferences, the work of the PEEX working 
groups (WG) is facilitated by organizing working 
ground meetings. So far, the Modelling-
Platform (MP) WG and the Infrastructure WG 
have been the most active and their work has 
been mainly focused on the concept design 
of the modelling platform and on establishing 
the PEEX in-situ observation network in Russia. 
For example, the MP Working Group has almost 
100 members from European, Russian, and 
Chinese institutions including international 
organizations (ECMWF, WMO) covering 
different multi-scales and types of models (in 
total more than 30 models). MP webpages at: 
https://www.atm.helsinki.fi/peex/index.php/
modelling-platform introduces the modelling 
platform overview, list of modelling tools and 
demonstrations, information on past meetings 
and sessions. 

New working groups and community based 
activity as bottom-up activities are foreseen 
on topics like “environmental change and 
epidemics” and “connecting social parameters 
to atmospheric emissions”. 
PEEX Headquartes is coordinating the PEEX 
network at different levels (researchers, 
institutes and organizations) and the 
governance activities together with other 
offices in Russia and in China. This activity is 
facilitated by different tools such as a website 
(www.atm.helsinki.fi/peex/), e-news-letter, 
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e-mailing lists, social media (Twitter has 
#PEEX hashtag), organization of conferences, 
conference sessions, meetings and forums (e.g. 
1st Sofia Earth Forum in Helsinki, 2016). During 
2012-2017, we have organized altogether 7 
meetings and 3 science conferences (Helsinki 
- 2015, Beijing - 2016, Moscow - 2017). Starting 
from January 2017, PEEX has joined the U-Arctic 
community of 170 Arctic universities; and PEEX 
acts as an “Arctic-Boreal Hub”, which is one of 
the U-Arctic Thematic networks (www.uarctic.
org/organization/thematic-networks/arctic-
boreal-hub). The Arctic-Boreal Hub network 
expands the PEEX approach into a circumpolar 
context and opens up connection points with 
the US and Canadian research communities. 
One practical example of this activity was the 
ARCTIC Fluxes – CRAICC/CRUCIAL (Critical steps 
in understanding land surface – atmosphere 
interactions: from improved knowledge to 
socioeconomic solutions) workshop (February 
2017, Hyytiälä, Finland) which was attended by 
71 participant from Canada, USA, Europe and 
Russia. As a whole, the PEEX network is open for 
new researchers and organizations representing 
different scientific disciplines to join in and is 
especially interested in strengthening the role 
of social and socio-economic sciences within 
this community. 

Research 

The main scientific mission of the PEEX 
program is to understand large-scale 
feedbacks and interactions between the 
land-atmosphere-ocean continuum in the 
changing climate of northern high latitude and 
in China (Kulmala et al. 2016, Lappalainen et 
al. 2016). The PEEX Science Plan (Lappalainen 
et al. 2015; http://www.atm.helsinki.fi/peex/
images/PEEX_Science_Plan.pdf ) addresses 
the scientific aims and large-scale research 
questions of the program (Fig. 1).  The focal 
points in the PEEX research are e.g. on the 
net effects of various feedback mechanisms 
connecting the biosphere, atmosphere and 
human activities. These feedbacks can either 
hinder or speed up the climate change. Such 
feedbacks stem from higher temperature 
and increased concentration of GHG in the 
future. The climate change and associated 
feedbacks lead to further consequences, such 
as permafrost thawing, land cover changes, 
increased dissolved organic carbon content in 
freshwaters, acidification of the Arctic Ocean, 
increased photosynthetic activity, elevated 
GHG uptake by terrestrial ecosystems, increased 
BVOCs emissions, changes in secondary aerosol 
production, changes in cloud processes and 
their effects on the radiation budget as well as 
precipitation. 

Fig. 1. Overview of the PEEX research domain, which extends over the Eurasian region, 
from Arctic to Boreal and Temperate zones. The figure lists key processes that drive the 

research focuses and the variety of site types that come under study. As an example 
of feedback process, the COBACC (COntinental Biosphere Atmosphere Cloud Climate; 

Kulmala et al. 2014) feedback mechanism is superposed on the elements of the landscape, 
evidencing the width of the scale coverage required for its observation
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The backbone of the research approach has 
been the scientific contribution of the Finnish 
Center of Excellence in Atmospheric Science 
- From Molecular and Biological processes 
to The Global Climate (FCoE-ATM), which 
delivers about 150-200 peer reviewed papers 
annually. In addition to FCoE –ATM, a new 
5-year European Research Council’s Advanced 
Grant project on “Atmospheric Gas-to-Particle 
Conversion” and the Academy professorship 
“Air quality - climate interactions and 
feedbacks” lead by Academician M. Kulmala 
will continue the scientific work relevant to the 
PEEX research agenda.  Since 2015, PEEX has 
been gathering research results on the Arctic-
boreal environments via the PEEX Special Issue 
in Atmospheric Chemistry and Physics (ACP) 
scientific journal (www.atmos-chem-phys.net/
special_issue395.html). Altogether 28 papers 
in a final form and 10 papers under revision 
have been published by August 2017. Based 
on the keywords listed in the papers, the foci of 
the results has been on the role of boreal forest 

and their BVOC emissions and subsequent 
aerosol formation processes (Fig. 2). However, 
the based on “the degree of participation” 
and “the amount of collaboration by country” 
demonstrates an increasing international 
collaboration and the increasing collaboration 
between Finland, Russia and China (Fig. 3). The 
future challenge is to expand the scientific 
coverage of the published results relevant to 
the PEEX research agenda and, in practice, 
initiate the research collaboration with socio-
economic research communities. One of the 
hot topics here has been the influence of the 
climatic factors on human health and to study 
“climatic factor and epidemics in the context 
of regional and global environmental changes”,   
“climate and allergy plants flowering”, “global 
warming and possible change of medical-
geographical situation” and “bioclimatic 
conditions and comfort for living in different 
regions”. Furthermore, PEEX will develop new 
methods for the visualization of the scientific 
results in a compact informative form.

Fig. 2. Overview of the research articles in the ACP PEEX special issue (31 published, 
as on 9.11.2017). The figure shows the topic coverage as a network of related terms, 

with labels shown for terms shared by at least two papers. The term source is the 
titles or the articles; if missing, the country of data generation was added. Terms 

are single words except in the case where combined expressions appeared always 
together.  Node size is proportional to the occurrence, node position indicates the 

degree of relation relative to the rest of the nodes, and colours differentiate clusters 
of more related terms. Analysis made with Sci2 and Gephi
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Fig. 3. Degree of participation and the amount of collaboration in the works included 
in the PEEX conference proceedings, by country. The amount of contributions 

shows the total times per year that a certain country appears in the affiliation lists. 
The number or collaborations refers to the times certain two countries are sharing 

co-authorship. The lines connecting two countries refer to the between-country 
collaboration, within-country collaborations (that is, different institutes from the 

same country in the same work) is represented by the lines that go outwards

Fig. 4. Overview of the infrastructure conceptual framework. The observational 
platforms are highly distributed covering all compartments of the system so that 

multitude of variables are measured for the same compartments and multiple 
of compartments are measured at one same site. The future task is to establish 

connections and information flows between each platforms and, in the end, provide 
atmospheric and environmental real time data for different national early warning 

systems

 Research infrastructure
Arctic – boreal infrastructure and common 
data formats

The main strategic challenge of the PEEX 
program is to initiate a comprehensive 
and coordinated research infrastructure 
in collaboration with the main partners in 
Russia and China.  There is an urgent need 
for comprehensive, coordinated in-situ 
observations over the Arctic and Northern 

Eurasian region detecting different fluxes, 
emissions and concentrations on greenhouse 
gases and atmospheric compounds between 
different Earth surfaces and atmosphere 
(Fig. 4). In situ observations are providing 
complementary information to the satellite 
observations, which provide an overview on 
a large spatial scale, and both information 
flows are used together with modeling to 
create a complete understanding of the 
processes over the PEEX study area.  


