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Abstract 29 

The Pan-Eurasian Experiment (PEEX) is a multi-disciplinary, multi-scale and multi-component 30 

research, research infrastructure and capacity building program. PEEX has originated from a bottom-31 

up approach by the science communities, and is aiming at resolving the major uncertainties in Earth 32 

System Science and global sustainability issues concerning the Arctic and boreal Pan-Eurasian 33 

regions, as well as China. The vision of PEEX is to solve interlinked global grand challenges 34 

influencing human well-being and societies in northern Eurasia and China. Such challenges include 35 

climate change, air quality, biodiversity loss, urbanization, chemicalization, food and fresh water 36 

availability, energy production and use of natural resources by mining, industry, energy production 37 

and transport sectors. Our approach is integrative and supra-disciplinary, recognizing the important 38 

role of the Arctic and boreal ecosystems in the Earth system. The PEEX vision includes establishing 39 

and maintaining long-term, coherent and coordinated research activities as well as continuous, 40 

comprehensive research and educational infrastructures and related capacity building across the 41 

PEEX domain. In this paper we present the PEEX structure, summarize its motivation, objectives and 42 

future outlook.   43 

1. Introduction and Background 44 
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The Earth system is facing several global-scale environmental challenges, called “Grand Challenges”, 45 

such as climate change, air quality, migration of peoples and other changes in human population, 46 

ocean acidification, fresh water and food supplies. Grand Challenges are main factors affecting the 47 

human well-being, security and stability of future societies. All the grand challenges are interlinked 48 

via complex feedbacks in the Earth system (Fig. 1). The dynamics of grand challenges are driven by 49 

“global forces” identified as demographics, increasing demand for natural resources, globalization 50 

and climate change (e.g. Smith, 2010). The global forces are strongly geographically oriented and 51 

variable phenomena, depending on migration trends of human populations, variations in the 52 

availability of natural resources, capital flows within the economy, and the diverse impacts of global 53 

and regional climate change. 54 

Coping with climate change and transformations of civilizations and ecosystems on a global scale is 55 

one of the ultimate challenges of the 21st century. Since the Grand Challenges are highly coupled and 56 

interlinked, they cannot be solved separately. Therefore, a framework is needed where a 57 

multidisciplinary scientific approach has the required critical mass and is strongly connected to fast-58 

track policy making. The potential solutions are typically tightly coupled with each other.   59 

The Northern Pan Eurasian regions, specifically the Arctic-boreal regions including the Arctic Ocean, 60 

are located at latitudes higher than 45°N (Fig. 2). These areas are expected to undergo substantial 61 

changes during the next decades (IPCC, 2014). The Arctic region, for example, is warming faster 62 

than any other region of the world (Smith et al., 2015), and this warming may reach levels as high as 63 

8.3 ± 1.9 °C by the end of this century (IPCC, 2013). The importance of northern regions on a global 64 

scale is foreseen to increase in terms of all the four global forces: not only climate change, but also 65 

globalization, demographics and the use of natural resources (Smith, 2010). Furthermore, it is worth 66 

recognizing the important role of China in setting global trends and in affecting the development of 67 

Northern environments and societies. 68 

The specific characteristics of Pan-Eurasian Arctic-boreal natural environments are linked to the 69 

global climate. Thawing of permafrost and northward migration of the taiga zone will have significant 70 

consequences for the climate system, as these phenomena influence the sources and sinks of 71 

greenhouse gases (GHG) and biogenic volatile organic compounds (BVOC). The forests and 72 

peatlands in Siberia and elsewhere at high northern latitudes sequester large amounts of GHG 73 

compared to the net global emissions (Bondur et al., 2009; Bondur, 2011, 2014, 2015; Frolking et al., 74 

2011; Pan et al., 2011; Graven et al., 2013). BVOCs emitted by boreal forests contribute to 75 

atmospheric aerosol and cloud condensation nuclei formation processes, and thereby to both aerosol-76 

radiation and aerosol-cloud interactions (Spracklen et al., 2008; Kulmala et al., 2013; Paasonen et al., 77 

2013; Scott et al., 2014). The magnitude of BVOC emissions is linked to the total area of boreal 78 

forests, and to structural changes in the forest ecosystems (Laothawornkitkul et al., 2009). Due to the 79 

critical role of Siberian forests in global GHG and aerosol budgets, there is a specific need for 80 

comprehensive and continuous atmosphere-ecosystem data from the Northern Eurasian region 81 

(Kulmala et al., 2011b; Quinn et al., 2014).  82 

In addition to changing GHG exchange and BVOC emissions, major structural ecosystem changes 83 

are also predicted to take place in the Pan-Eurasian Arctic and boreal natural environments. These 84 

include the appearance of invasive species and the extinction of existing ones, changes in ecosystem 85 

productivity and structure, as well as modifications in the ecosystems’ roles as sinks or sources of 86 

climatically relevant gases (Epstein et al., 2013; Pearson et al., 2013; Buermann et al., 2014; Reich 87 

et al., 2015). The latter concerns vast areas of boreal forests and peatlands. The ecosystem changes 88 
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may have unpredictable consequences on e.g. food webs, and on interactions between different 89 

ecosystems and human activities. 90 

The other geographical area dominating the acceleration of climate change is the Arctic Ocean and 91 

its maritime environments. One major consequence of the warming of northern latitudes is related to 92 

changes in the cryosphere, including the thawing of permafrost and the Arctic Ocean becoming ice 93 

free part of the year (Tarnocai et al., 2009; Hayes et al., 2014; Schaefer et al., 2014; Döscher et al., 94 

2014). This will boost global trade activities in the Arctic if the Northern sea route is opened for 95 

shipping between the Atlantic and Asia’s Far East. The Arctic Ocean is currently covered by ice for 96 

most of the year (from October to June), preventing ship traffic. However, the amount of sea ice is 97 

declining rapidly. The predicted shortening of the ice cover period draws attention to exploitable 98 

natural resources (oil, natural gas and minerals) in the region. It has been predicted that the role of 99 

natural resources originated from the Arctic Ocean in the global energy market will become 100 

significant, as the region may hold 25 % or more of the world's undiscovered oil and gas resources 101 

(Yenikeyeff and Krysiek, 2007). Future thawing of permafrost threatens the durability of 102 

infrastructure (power networks, buildings, ice roads, oil drilling) and may have large influences on 103 

the living conditions and culture of indigenous people living in the north.  104 

A strong involvement and international collaboration between European, Russian and Chinese 105 

partners are needed to answer the Grand Challenges in the northern context: how will northern 106 

societies cope with environmental changes? A new large-scale initiative called the Pan-Eurasian 107 

Experiment (PEEX), started in 2012, is contributing to solving the grand challenges in the Northern 108 

Pan-Eurasian and Chinese context (Lappalainen et al., 2014).  PEEX is a bottom-up initiative by 109 

European, Russian and Chinese partners, and it is open to a broader collaboration in the future.  110 

Presently over 110 institutes from over 20 different countries are contributing to PEEX. The promoter 111 

institutes of this program have been the University of Helsinki and the Finnish Meteorological 112 

Institute in Finland; the Moscow State University, AEROCOSMOS Research Institute for Aerospace 113 

Monitoring (Moscow), the Department of Geography of Moscow State University and the Institute 114 

of Atmospheric Optics of the Siberian branch of the Russian Academy of Sciences (RAS) in Russia; 115 

the Institute of Remote Sensing and Digital Earth (RADI) of the Chinese Academy of Sciences (CAS) 116 

and the Institute for Climate and Global Change research of Nanjing University in China, with the 117 

endorsement of the International Geosphere Biosphere Program core project Integrated Land 118 

Ecosystem Atmosphere Process Study. Today, the PEEX community includes scientists from various 119 

disciplines as well as representatives of international organizations and programs (e.g. WMO GAW, 120 

IIASA, IGBP/Future Earth), stakeholders from industry, transport, renewable natural resources 121 

management, agricultural production and trade. The PEEX community will aim at co-designing 122 

research in the region in the spirit of the Future Earth initiative as well as Climate and Clean Air 123 

Coalition. 124 

2. Vision, Mission and Objectives 125 

The vision of PEEX is to solve interlinked global grand challenges influencing human well-being and 126 

societies in northern Eurasia and China in an integrative way, recognizing the significant role of 127 

boreal and Arctic regions in the context of global change. The PEEX vision includes the establishment 128 

and maintenance of long-term, coherent and coordinated research and education activities and 129 

continuous, comprehensive research infrastructures in the PEEX domain. PEEX aims to contribute 130 

to the Earth system science agenda and climate policy in topics important to the Pan-Eurasian 131 

environment, and to provide adaptation and mitigation strategies for the Northern Pan-Eurasian and 132 

Chinese societies related to Grand Challenges, in particular climate change and air quality. 133 
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The mission of PEEX is to be a next-generation natural sciences and socio-economic research 134 

initiative using excellent multi-disciplinary science with clear impacts on future environmental, 135 

socio-economic and demographic development of the Arctic and boreal regions as well as China.  136 

The PEEX initiative consists of four main focus areas (F-i) described in detail in section 3. Each focus 137 

area has its own specific objectives listed below.  138 

−F-1: PEEX research agenda 139 

− to understand the Earth system and the influence of environmental, societal and 140 

economic changes, interactions and feedbacks in pristine and industrialized Pan-141 

Eurasian environments (systems understanding: land – atmosphere – aquatic – 142 

anthropogenic /society) 143 

− to determine processes in multidimensional and multidisciplinary way relevant to 144 

climate change, demographic development and the use of energy and mineral 145 

resources in the Arctic-boreal regions (understanding of processes) 146 

−F-2: PEEX infrastructures 147 

− to establish and sustain long-term, continuous and comprehensive ground-based, 148 

airborne and seaborne observation infrastructures together with satellite data 149 

(observation component)  150 

− to develop the new data sets and archives with continuous, comprehensive data flows 151 

in a joint manner (data component) 152 

− to implement the validated and harmonized data products in models of appropriate 153 

spatial and temporal scales and topical focus (modeling component) 154 

−F-3: PEEX impact on society 155 

− to use new research knowledge together with the research infrastructure services for 156 

producing:  157 

−as reliable scenarios and assessments as possible, to support practical 158 

solutions for addressing the grand challenges in the northern context and in 159 

China (climate change, natural resources, human health) 160 

−early warning systems for the sustainable development of societies 161 

(demography development) 162 

− to promote technological innovations needed for coherent global environmental, 163 

technological, economical or social processes in an interconnected world 164 

(globalization) 165 

−F-4: PEEX knowledge transfer and capacity building 166 

− to educate the next generation of multidisciplinary experts and scientists capable of 167 

finding tools for solving grand challenges (young scientist multidisciplinary 168 

advancement) 169 

− to increase public awareness of climate change impacts in the Pan-Eurasian region 170 

(public outreach)  171 

− to distribute the new knowledge and data products to scientific communities 172 

(enhance multidisciplinary research) 173 
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− to deliver tools, scenarios and assessments for climate policy makers and authorities 174 

(policy support) 175 

 176 

3. PEEX structure and interlinks 177 

The research agenda (F-1) defines the large-scale key topics and research questions of the land-178 

atmosphere-aquatic-anthropogenic systems in an Arctic-boreal context as well as megacity-climate 179 

interactions and air quality issues including socio-economical research aspects. The research 180 

infrastructure (F-2) introduces the current state of the art observation systems in the Pan-Eurasian 181 

regions and presents the future base for the coherent and coordinated research infrastructures in the 182 

PEEX domain. The impact on society (F-3) addresses key aspects related to mitigation and adaptation 183 

strategies supporting development of useful and effective policy strategies. It also involves planning 184 

for preparing northern societies to cope with environmental changes, developing reliable early-185 

warning systems, and addressing the role of new technology in the implementation of these strategies 186 

and plans. Knowledge transfer and capacity building (F-4) is focused on improving education 187 

programs at multiple levels, strengthening future research communities, and raising awareness of 188 

global changes and environmental issues. The summary of PEEX structure is presented in Figure 3.  189 

3.1. Research Agenda (F-1) 190 

The PEEX research agenda is designed as a research chain (Kulmala et al., 2011a), which aims to 191 

advance our understanding of the interactions in the Earth system (encompassing not only the 192 

atmosphere and the land and ocean ecosystems, but also human activities and societies) through a 193 

series of connected activities. These research activities start at the molecular scale, to understand key 194 

atmospheric processes, and extend to regional and global scales, to understand the complex processes 195 

in e.g. the climate system and its interaction with society. Our focus is to understand the complex 196 

land-atmosphere-ocean-society system in an Arctic, northern Pan-Eurasian and Chinese context.  197 

A very important aspect is that the research agenda covers a large area with studies covering diverse 198 

spatial and temporal scales, and it encompasses diverse geographical regions including both natural 199 

and urban environments. The major large-scale systems studied by PEEX are the land, atmosphere 200 

and aquatic systems, along with anthropogenic activities (Fig. 3). The PEEX research agenda also 201 

addresses various feedbacks and interactions between these systems, as well as the major 202 

biogeochemical cycles (water, carbon, nitrogen, phosphorus, sulfur). The key topics and related large-203 

scale research questions associated with these components are summarized in Table 1. These 204 

questions have been identified during the PEEX meetings with a preliminary list of questions 205 

presented earlier by Lappalainen et al. (2014). The present version introduced in Table 1 was accepted 206 

at the PEEX meeting in February 2015. 207 

Human decision-making concerning, for example, land use and fossil fuel burning are represented by 208 

agent-based models, integrated assessment models and climate scenarios, which will be utilized and 209 

further developed for the Northern Pan-Eurasian region. In urban and industrialized regions, the 210 

process understanding of biogeochemical cycles includes anthropogenic sources, such as industry 211 

and fertilizers, as essential parts of the biogeochemical cycles. PEEX climate studies, especially 212 

estimates of the type and frequency of natural hazards in the future, will be used to improve climate 213 

prediction capacities in Europe, Russia and China. Furthermore, PEEX socio-economic research 214 

covers the superposition of natural and socio-economic factors, dependence of the consequences of 215 

climate change on socio-economic condition and its dynamics, identification of opportunities and 216 

methods of mitigation and adaptation to climate and socio-economic changes, as well as the spatial 217 
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differentiation of responses of the societies to environmental, demographical and socio-economic 218 

challenges in national, regional and local levels (regional and local, urban and rural cases).  219 

Feedbacks are essential components of our climate system as they either increase or decrease the 220 

changes in climate-related parameters in the presence of external forcings (IPCC, 2013). The PEEX 221 

domain covers a wide range of interactions and feedback processes involving human activities, 222 

natural systems and biogeochemical cycles (Heimann and Reicstein, 2008; Arneth et al., 2010), with 223 

humans acting both as the source of climate or environmental changes and the recipients of the 224 

impacts. One of the first feedback mechanisms to be quantified is that connecting the atmospheric 225 

carbon dioxide concentration, ambient temperature, gross primary production, secondary biogenic 226 

aerosol formation, clouds and radiative transfer with each other (Kulmala et al., 2014). Covering the 227 

PEEX area with several comprehensive stations enables us to understand feedbacks and interlinks in 228 

quantitative ways (Ding et al., 2013a, b). Although these feedback mechanism and several processes 229 

have been investigated in several flagship stations like at SMEAR II Hyytiälä, Finland, there is need 230 

to establish a flagship station network and also improve other tools to be able to meet research 231 

challenges in PEEX domain. 232 

Measurements of the changes in the hydrological and biogeochemical cycles in different temporal 233 

scales are needed to construct and parameterize to improve the next generation of Earth System 234 

Models. Such measurements should include, for example, the following quantities: concentrations 235 

and fluxes of aerosol particles, greenhouse gases and reactive trace gases, cloud microphysical and 236 

rain-forming properties, ecosystem functioning, and land use change. Earth System models are the 237 

best tools available for analyzing the effect of different environmental changes on future climate, and 238 

for studying the role of different processes in the Earth system as a whole. These types of analyzes 239 

and predictions of future change are especially important in the high latitudes, where climate change 240 

is proceeding the fastest, and where near-surface warming has been about twice the global average 241 

during the recent decades. 242 

3.2. Research infrastructures (F-2) 243 

3.2.1. Coherent and coordinated observation program and data systems 244 

Solutions to the interconnected global environmental problems can be provided only by a harmonized 245 

and holistic comprehensive observational approach utilizing all available modeling tools representing 246 

different spatial and temporal scales. However, all the tools, including models and 247 

observational/experimental devices, need to be developed further in order to answer the research 248 

questions and solve challenges. The PEEX approach uses methods ranging from nanometer and sub-249 

second observations and process studies to global and decadal-scale measurement activities, datasets 250 

and model simulations. The vision of the PEEX infrastructure is to provide comprehensive, 251 

continuous and reliable harmonized data products for forecasting services, and for the science 252 

community. 253 

The PEEX research infrastructure aims to establish a long-term comprehensive field station network 254 

in the region covering Europe, particularly Scandinavia, Greenland and the Baltic countries, Russia 255 

and China. The conceptual philosophy of the network design relies on physical conservation laws of 256 

mass, energy and momentum, as well as on concentration gradients that act as driving forces for the 257 

atmosphere-biosphere exchange. The network will be composed of standard, flux/advanced and 258 

flagship stations, each of having specific and identified tasks (Hari et al., 2015). Each ecosystem type 259 

has its own characteristic features that have to be taken into consideration when planning the station 260 

network. The hierarchical network as a whole is able to tackle problems related to large spatial scales, 261 
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heterogeneity of ecosystems and their complexity. The most comprehensive observations are to be 262 

conducted at the flagship stations. The process-level understanding can then be expanded to 263 

continental and global scales through hierarchical station network, advanced data analysis, Earth 264 

system modelling and satellite remote sensing.  The denser networks of flux and standard stations 265 

allow application and up-scaling of the results obtained from flagship stations to the global level. In 266 

the first phase, the land-based station network will be based on existing infrastructures consisting of 267 

standard stations such as weather stations, flux (FLUXNET) stations, flagship stations and satellite 268 

receiving stations. The strategic focus is to ensure the long-term continuation of advanced (using e.g. 269 

mass spectrometers, cloud radars and other state-of-the-art and beyond methods, observing over 1000 270 

different variables) measurements of aerosols, clouds, GHGs, trace gases and land surfaces and their 271 

interactions in the northern Eurasian area.  272 

The cryosphere in the Arctic is changing rapidly (Döscher et al., 2014; Hayes et al., 2014; Vihma et 273 

al., 2014) Measurements of the current and past conditions of the cryosphere are made at deep 274 

boreholes, permafrost sites, buoy / floating stations in the Arctic Ocean, onboard ships, and through 275 

geophysical observations onboard aircraft.  The preliminary concept of a hierarchical network for 276 

aquatic observations in the surrounding seas would consist of simple buoys deployed on sea ice in 277 

the open sea, sophisticated buoys, research vessels, floating flagship stations, manned drifting ice 278 

stations, and permanent coastal and archipelago stations. 279 

The PEEX flagship stations simultaneously measure meteorological and atmospheric parameters, 280 

together with ecosystem-relevant processes (incl. carbon, nutrient and water cycles, vegetation 281 

dynamics, biotic and abiotic stresses). Ideally, the ground flagship station network will contain one 282 

flagship station in all major ecosystems, in practice a station for every 1000 to 2500 km (in details 283 

see Hari et al., 2015). The future PEEX research infrastructure will include aircraft and satellite 284 

observations, which provide complementary (to the local in-situ observations) information on the 285 

spatial variability of atmospheric composition (aerosols, trace gases, greenhouse gases, clouds), and 286 

on land and ocean surface properties including vegetation and snow/ice (Bondur et al., 2009). Vice 287 

versa, the PEEX infrastructure has an important role in the validation, integration and full exploitation 288 

of satellite data on the Earth system.  289 

The PEEX program will produce an extensive amount of observational measurement data, 290 

publications, method descriptions and modeling results. The PEEX data product plan is built on the 291 

establishment of permanent PEEX integrated platforms, documenting the variability of the various 292 

components of the ecosystem (atmosphere, terrestrial, marine), and utilizing state-of-the-art data 293 

management procedures including automatic data submission directly from the measurement sites, 294 

data processing, quality control, and conversion to formats used by the international user and storage 295 

communities.  The PEEX data will be harmonized with international measurement systems and data 296 

formats, in collaboration with existing global observation systems, such as the Global Atmosphere 297 

Watch Program by World Meteorological Organization (WMO-GAW, 2009), and with Arctic and 298 

boreal infrastructure projects, such as IASOA (International Arctic Systems for Observing the 299 

Atmosphere), INTERACT  (International Network for Terrestrial Research and Monitoring in the 300 

Arctic), the Russian System of Atmospheric Monitoring (RSAM), Integrated Land Information 301 

System (ILIS), US AERONET (AErosol RObotic NETwork), NDACC (Network for the Detection 302 

of Atmospheric Composition Change) and TCCON (Total Column Carbon Observing Network), and 303 

European research infrastructures such as ICOS (Integrated Carbon Observation System), ACTRIS 304 

(Aerosols, Clouds, and Trace gases Research InfraStructure Network), SIOS (Svalbard Integrated 305 

Earth Observing System) and ANAEE (Infrastructure for Analysis and Experimentation on 306 

Ecosystems). 307 
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3.2.2. Modeling platform 308 

The PEEX modeling platform is characterized by a multi-scale approach starting from the molecular 309 

and cell levels and extending all the way to complex integrated Earth system modeling, in 310 

combination with specific models of different processes and elements of the system, acting on 311 

different temporal and spatial scales. We have preliminary tested this kind of a multi-scale approach 312 

in a framework of an integrated European research project (Kulmala et al., 2011a).  PEEX takes an 313 

ensemble approach to the integration of modeling results from different models, participants and 314 

countries. PEEX utilizes the full potential of a hierarchy of models: inverse modeling, emission 315 

modeling based on economical and energy models, scenario analysis, process modeling based on 316 

measurement, regional and global chemical transport models and climate models, as well as Earth 317 

system models.  The models will be validated and constrained by PEEX in-situ and remote sensing 318 

data of various spatial and temporal scales using data assimilation and top-down modeling. The 319 

analysis of the anticipated large volumes of data produced by PEEX models and sensors will be 320 

supported by a dedicated virtual research environment developed for this purpose.   321 

There has been criticism that the processes, and hence parameterizations, in Earth system models are 322 

based on insufficient knowledge of the physical, chemical and biological mechanisms involved in the 323 

climate system, and that the spatial or temporal resolution of known processes is insufficient (e.g. 324 

Nobre et al., 2010; Baklanov et al., 2014). PEEX will tackle this issue by forwarding the necessary 325 

process understanding effectively to Earth system modeling frameworks. The PEEX modeling 326 

platform will include also integrated assessment models, agent based models, economical and energy 327 

system models well as sociological and policy analysis. 328 

     3.3. Impact on society (F-3) 329 

The PEEX research agenda supports the planning of the sustainable use of natural resources, climate 330 

change adaptation and mitigation strategies. PEEX provides scientific knowledge on natural and 331 

climatic processes, which are needed for assessing the extent of climate risks in the future. PEEX will 332 

accumulate scientific knowledge on how societies in Europe, Russia and China are able to adapt to 333 

and mitigate climate change, developing useful and realistic mitigation and adaption strategies. This 334 

will include economical and political analysis based on integrated modeling analysis using 335 

multidisciplinary PEEX data with open access. 336 

The scientific results of PEEX intend to fill the current gaps in our knowledge of the processes, 337 

feedbacks and links within and between the major components of the Earth system in the Arctic-338 

boreal context, including biogeochemical cycles and human activities. Reliable climate information 339 

and scenarios for the coming decades are crucial for supporting the adaptation of northern societies 340 

to the impacts of climate and cryospheric changes.   341 

The PEEX research results are used for producing different types of scenarios on the impacts of 342 

climate change and air quality changes on human population, society, energy resources and capital 343 

flows. PEEX will provide information on mitigation and adaptation strategies for the changing Arctic 344 

environments and societies, in addition to which it will carry out risk analyses of both human activities 345 

and natural hazards (floods, forest fires, droughts, air pollution, high impact weather events). These 346 

plans take into account different key aspects, such as sustainable land use, public health and energy 347 

production. The improved knowledge and scenarios on climate phenomena and impacts are needed 348 

to provide relevant climate predictions, and also to support adaptation measures. In particular, 349 



 

9 
 

estimates of the type and frequency of extreme events, and possible nonlinear climate responses, are 350 

needed for past, present and future conditions. 351 

Another main outcome of the PEEX Preliminary Phase (2012-2017) is the PEEX observation 352 

network, which will fill the current observational gap in the Northern Pan-Eurasian region and 353 

eventually provide data services for different types of users. The aim is to bring the observational 354 

setup into an international context with standardized or comparable procedures. The development of 355 

the European research infrastructures provides a model for the harmonized PEEX data products, and 356 

for the calibration of network measurements with international standards. PEEX will adopt the 357 

common European data formats and procedures for the PEEX research infrastructure development, 358 

including open data policy. Furthermore, PEEX will actively collaborate in a frame of the circumpolar 359 

projects. 360 

PEEX will provide new early-warning systems for the Arctic-boreal regions. The increasing 361 

utilization of natural resources in the Arctic region, together with increasing traffic, will increase the 362 

risk of accidents such as oil spills, as well as increasing anthropogenic emissions to the land, 363 

atmosphere and water systems, and cause negative land use changes in both forests and agricultural 364 

areas (Shvidenko et al. 2013). The thawing permafrost and extreme weather events accelerate both 365 

the risk of natural disasters, such as forest fires, floods and landslides, and the destruction of 366 

infrastructures, such as buildings, roads and energy distribution systems (UNEP 2013, Bondur et al., 367 

2009; Bondur, 2011, 2015). The coherent and coordinated PEEX observation network, together with 368 

the PEEX modeling approach, form the backbone of the next generation early warning systems across 369 

the PEEX geographical domain. 370 

The advanced knowledge on environmental changes and their feedbacks to economy and society 371 

enables us to address future scenarios and narratives for future food production, forestry and other 372 

ecosystem services, development of transport, energy production, use of minerals as well as changes 373 

in local and regional culture and networks. These interlinks are in most cases very nonlinear, and 374 

therefore we need deep multidisciplinary understanding for finding practical solutions to the grand 375 

challenges discussed earlier. 376 

Society and research are tightly connected with each other. Society provides resources for the basic 377 

research, which generates new knowledge to be used in applied research. Applied research generates 378 

new innovations, which produce welfare and new resources back to society. PEEX is an active player 379 

in each part of this cycle. Technological development can answer some of the questions arising in F-380 

1. However, the whole society, including economic and cultural aspects, must be considered in the 381 

search for sustainable answers to grand challenges. 382 

3.4.  Knowledge transfer and capacity building (F-4) 383 

One of the first activities of PEEX will be the establishment of a PEEX education and capacity 384 

building program. The main emphasis is on facilitating the dissemination of existing educational 385 

material and on promoting the collaboration of national and regional programs. PEEX intends to 386 

participate in the training of researchers throughout their career, from undergraduate and graduate 387 

studies to the level of experts, professors and research institute leaders. Building bridges between the 388 

different natural sciences, as well as between natural and social sciences, is one of the most important 389 

goals of the international and interdisciplinary education collaboration. 390 

PEEX will contribute to the building of a new, integrated Earth system research community in the 391 

Pan-Eurasian region. In practice this means an open access to the research and modeling 392 
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infrastructures, as well as invitation of international partners and organizations to share their 393 

development and use. PEEX will be a major factor in integrating the socioeconomic and natural 394 

science communities to work together toward solving the major challenges influencing the wellbeing 395 

of humans, societies and ecosystems in the Arctic-boreal region. 396 

PEEX will distribute information to the general public in order to raise awareness on climate change, 397 

and on the human impacts at different scales of the climate problem. This will also increase the 398 

visibility of PEEX activities in Europe, Russia and China. 399 

4. Summary and outlook of PEEX in the future society 400 

As a multicomponent, multidimensional and multidisciplinary program, PEEX will provide future 401 

societies the tools for finding out sustainable ways to meet existing and also future grand challenges. 402 

The base for this are comprehensive research stations with proper satellite data and modeling 403 

framework, which enable us to improve our understanding, to answer our current research questions, 404 

and also to renew these questions in a proper way.  405 

The scientific results of PEEX will be used to develop new scenarios in order to help decision makers 406 

and other stakeholders to meet and manage grand challenges also in the future. Since the global 407 

population will increase, the use of fresh water, food supply, and the use and production of energy 408 

need to be organized in a sustainable manner. The health problems related to air pollution and 409 

epidemic diseases need to be solved. PEEX will contribute significantly to climate scenarios on global 410 

and regional scales, and provide novel services such as early warning systems for the Arctic-boreal 411 

regions. PEEX aims to contribute to the Earth system science agenda, to climate policy concerning 412 

topics important to the Pan-Eurasian environment, and also to help societies of this region in building 413 

up a sustainable future.  414 

Because of the already observable effects of climate change on society, and the specific role of the 415 

Arctic and boreal regions in this context, PEEX emphasizes the need for establishing next-generation 416 

research and research infrastructures in this area. PEEX will provide fast-track assessments of global 417 

environmental change issues for climate policy-making, and for mitigation and adaptation strategies 418 

for the Northern Pan-Eurasian region.  419 

In practice, PEEX will develop and utilize an integrated observational and modeling framework to 420 

identify different climate forcing and feedback mechanisms in the northern parts of the Earth system, 421 

and therefore enable more reliable predictions of future regional and global climate. Besides climate 422 

change-air quality issues, PEEX aims to provide a continuum from deep scientific understanding to 423 

socioeconomic solutions. The timescale of the first phase of PEEX extends from 2013 to 2033, with 424 

a vision to continue several decades. The long timescale is required for solving the current and 425 

emerging interlinked grand challenges.  426 

PEEX aims to be operational in the beginning of 2018. It will start designing and building long-term, 427 

continuous and comprehensive research infrastructures in Northern Pan-Eurasia. At first, the PEEX 428 

infrastructure will be based on the re-organization of the existing facilities, and includes ground-429 

based, aircraft, marine and satellite observations, as well as multi-scale modeling platforms. The 430 

PEEX domain covers the Eurasian boreal zone and the Arctic regions of the hemisphere, including 431 

marine areas such as the Baltic, the North Sea and the Arctic Ocean. The PEEX area includes also 432 

China due to its crucial impact and influence on the Boreal and Arctic regions. The PEEX research 433 

agenda focuses on the multidisciplinary process understanding of the Earth system on all relevant 434 

spatial and temporal scales, ranging from the nano-scale to the global scale. The strategic focus is to 435 
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ensure the long-term continuation of comprehensive measurements in the land-atmosphere-ocean 436 

continuum in the northern Eurasian area, as well as the interactions and feedbacks related to 437 

urbanization and megacities, and to educate the next generation of multidisciplinary scientists and 438 

technical experts capable of solving the large-scale research questions with societal impact of the 439 

PEEX geographical domain.  440 

For successful operation PEEX needs to have: 441 

 442 

− excellent science: quality, critical mass and inter- and multidisciplinary research 443 

− world-class Research Infrastructures and an integrated network of RIs, open data 444 

− education and training: knowledge exchange and capacity building  445 

− innovations and contributions to an innovative environment 446 

− science to society: continuous dialog, stakeholder involvement 447 

 448 
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 633 

Figure 1. The interlinked Global forces (Climate Change, natural resources, globalization, 634 

demography) (Smith, 2010) modifying the northern regions future within next 40 years. The 635 

technological development provides the framework for the future development trends.  636 

  637 
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 639 

Figure 2. Northern Pan-Eurasian geographical region encompasses both permafrost and boreal zones. 640 
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 645 

Figure 3. Schematic figure of the PEEX Structure. 646 
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 648 

Table. 1 List of PEEX - Large-scale research questions. 649 

Main 

Component 

Large-scale research questions key topic for 

research 

LAND 

SYSTEM 

Q-1 How could the land regions and processes 

that are especially sensitive to climate change be 

identified, and what are the best methods to 

analyze their responses? 

 

 

Q-2 How fast will permafrost thaw proceed, and 

how will it affect ecosystem processes and 

ecosystem-atmosphere feedbacks, including 

hydrology and greenhouse gas fluxes? 

 

Q-3 What are the structural ecosystem changes 

and tipping points in the future evolution of the 

Pan-Eurasian ecosystem? 

shifting of 

vegetation 

zones, Arctic 

greening 

 

risk areas of 

permafrost 

thawing 

 

 

Ecosystem 

structural 

changes 

ATMOSPHERIC 

SYSTEM 

 

Q-4 What are the critical atmospheric physical 

and chemical processes with large-scale climate 

implications in a northern context? 

Q-5 What are the key feedbacks between air 

quality and climate at northern high latitudes and 

in China? 

Q-6 How will atmospheric dynamics (synoptic 

scale weather, boundary layer) change in the 

Arctic-boreal regions? 

atmospheric 

composition 

and chemistry 

urban air 

quality, 

megacities and 

changing PBL 

weather and 

atmospheric 

circulation 

AQUATIC 

SYSTEMS  

– THE ARCTIC 

OCEAN  

Q-7 How will the extent and thickness of the 

Arctic sea ice and terrestrial snow cover change?  

Q-8 What is the joint effect of Arctic warming, 

ocean freshening, pollution load and acidification 

on the Arctic marine ecosystem, primary 

production and carbon cycle? 

Q-9 What is the future role of Arctic-boreal lakes, 

wetlands and large river systems, including  

thermokarst lakes and running waters of all size, 

in biogeochemical cycles, and how will these 

changes affect societies (livelihoods, agriculture, 

forestry, industry)? 

The Arctic 

Ocean in the 

climate system 

The Arctic 

maritime 

environment 

lakes, wetlands 

and large river 

systems in the 

Siberian region 
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ANTHROPOGENIC 

ACTIVITIES 

 

Q-10 How will human actions such as land-use 

changes, energy production, the use of natural 

resources, changes in energy efficiency and the 

use of renewable energy sources influence further 

environmental changes in the region?  

Q-11 How do the changes in the physical, 

chemical and biological state of the different 

ecosystems, and the inland, water and coastal 

areas affect the economies and societies in the 

region, and vice versa? 

Q-12 In which ways are populated areas 

vulnerable to climate change? How can their 

vulnerability be reduced and their adaptive 

capacities improved? What responses can be 

identified to mitigate and adapt to climate 

change? 

 

Anthropogenic 

impact 

 

Environmental 

impact 

 

 

Natural hazards 

 

FEEDBACKS – 

INTERACTIONS  

 

Q-13 How will the changing cryospheric 

conditions and the consequent changes in 

ecosystems feed back to the Arctic climate system 

and weather, including the risk of natural 

hazards? 

Q-14 What are the net effects of various feedback 

mechanisms on (i) land cover changes, (ii) 

photosynthetic activity, (iii) GHG exchange and 

BVOC emissions (iv) aerosol and cloud formation 

and radiative forcing ? How do these vary with 

climate change on regional and global scales? 

Q-15 How are intensive urbanization processes 

changing the local and regional climate and 

environment? 

Atmospheric 

composition, 

biogeochemical 

cycles: water, 

C, N, P, S 
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