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Introduction

Global warming is associated with significant polar 
amplification feedbacks. But how strong is the amplification? Will 
it be a slow increase or will it accelerate in the coming 20-100 
years? This is currently unknown, despite 20 years of research. One 
of the problems is that most Arctic processes feedbacks reside in 
the eddy resolving detail because of the high latitude nature of the 
problem with a small Rossby Radious of deformation. As a result, 
a high-resolution model is needed to capture eddy-resolution at 
high latitude zones. The Arctic cloud-radiation feedback when 
coupled with the ice-albedo feedback is not adequately captured 
in the current coupled climate models [1], partly due to the coarse 
resolutions of both the atmosphere and ocean models that will 
fundamentally affect quantification of polar amplification. The 
proposed model framework will permit a new transformative way of 
thinking about the climate feedbacks (ocean-atmosphere exchange) 
in the Arctic both positive and negative. Changes to the marine biota 
are known to involve oceanic oxygen and carbonate chemistry. 
This understanding is very essential to mitigate the impacts, thus 
reducing the risks towards the survival and adaptation of the 
oceanic ecosystems and fisheries in the Arctic and its surrounding 
areas. However, considerable uncertainty in the projections of 
future climate change has led to the uncertainty in the projection of 
oxygen and carbonate chemistry. Increase of the air temperatures 
up to ~1.5 oC, due to global warming is enough to thaw permafrost 
in the Arctic faster than ever. This in itself can cause nutrients that 
have been trapped for thousands of years to be flushed into the Arctic 
surface ocean much faster than ever before. Hence, this research 
project will attempt to address how these potential additional 
nutrient fluxes may affect the Arctic region. In view of the above,  

 
implementing a super-regional Arctic high-resolution coupled 
climate-biogeochemical cycle model is fundamental to resolve 
uncertainties in Arctic climate change not only in the projection of 
future climate change but also the consequent projection of ocean 
acidification which can impact lower latitude areas too. Thus, the 
new coupled model which incorporates the coupling of ocean-
atmosphere-sea ice-wave-biogeochemical- sediment transport 
is proposed, [1] to demonstrate more accurately the changes in 
ocean oxygen and carbonate chemistry based on the future climate 
change projections and [2] to enhance the level of understanding on 
how the melting of permafrost, gas-hydrates and the Greenland ice 
sheet contributes to the release of additional amounts of nutrients 
into the Arctic Ocean. This project will also enable further probing 
of the changes in anoxia and organic matters that have yet to be 
investigated sufficiently in the changing climate.

The importance of the research study is to address both basic 
and novel questions at various spatiotemporal scales due to 
complexity of the biogeochemical cycle and trace gases in response 
to the climate change and the consequent ocean-atmosphere 
interaction that affects future ecosystems. During the year 2016 
the average surface temperature over the Arctic land had reached 
2.0 °C as compared to the period 1981–2010 [2] (Figure 1a), 
representing an increase of surface temperature approximately of 
3.5 °C since 1900. Time series of the mean sea-surface temperature 
anomaly over the Arctic Ocean (i.e., Chukchi Sea, East Baffin Bay 
and Barents Sea) shows a significant warming trend at a rate 
of about +0.5°C decade−1 since 1982 (Figure 1b). This in itself 
indicate that the rapid decrease in the thickness of the Arctic 
sea ice would happen in the next few decades if global warming 
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continues. Future changes in the Arctic and Greenland ice sheet 
mass, particularly due to changes in ice flow, are a major source of 
uncertainty that can increase the associated risks to the ecosystem, 
a melting of near coastal permafrost. Projections of climate change 

and its impacts beyond about 2050 are currently strongly scenario- 
and model-dependent. Thus, improved projections would require 
improved models with coupling of ocean-atmosphere-sea ice-
wave-biogeochemical- sediment transport as study here.

Figure 1: (a) Arctic and global average annual land surface air temperature anomalies (°C) for 1900–2016 relative to the 1981–
2010 average, (b) Time series of the area-averaged SST anomalies (°C) average for the August over the period 1982–2010 in the 
Arctic Ocean. The dash-dotted black line in (b) shows the linear SST trend over the corresponding period. Numbers in the legend 
correspond to linear trends in °C year-1 (with 95% confidence intervals) (from Blunden et al. [2]). Note that the increasing trend 
in temperature coincides with the declining trend in mass of the Greenland ice sheet (as shown in the figure 1. Blunden et al. [2]).

The following approach: a high-resolution coupled ocean-
atmosphere-sea ice-wave-biogeochemical- sediment transport 
model that simulates atmosphere, ecosystem and ocean climate. 
The ocean model is the Regional Ocean Modeling System (ROMS) 
in the coupled system is a split-explicit free-surface model based 
on the Boussinesq and hydrostatic approximations that solve 
incompressible primitive equations [3]. Dispersion errors are 
reduced by using a third-order upstream-biased, dissipative 
advection scheme, which enhances the grid resolution accuracy. 
The split of advection and diffusion resolves spurious diapycnal 
mixing in the sigma coordinates. The mixing can be attributed to 
the implementation of higher order diffusive advection schemes. 
The method used in this simulation retains the low dispersion and 
diffusivity capabilities of the original scheme. The atmospheric 
model component in the coupled system is the Advanced 
Research Weather Research and Forecasting (WRF) Model [4]. 
It is a nonhydrostatic, quasi-compressible atmospheric model 
with boundary layer physics schemes and a variety of physical 
parameterizations of sub-grid scale processes for predicting 
meso- and micro-scales of motion and cloud formation. The sea-
ice component in the coupled system currently integrated into 
the ROMS model that is a combination of the elastic-viscous-
plastic (EVP) rheology and simple one-layer ice and snow 
thermodynamics with a molecular sublayer under the ice. The wave 
model is combination of SWAN and MASNUM. SWAN is a spectral 
wave model specifically designed for shallow water that solves 
the spectral density evolution equation [5]. SWAN simulates wind 
wave generation and propagation in coastal waters and includes 
the processes of refraction, diffraction, shoaling, wave–wave 
interactions, and dissipation due to whitecapping, wave breaking, 
and bottom friction.

MASNUM wave number spectral model, a third generation wave 
model, developed by the Laboratory of Geophysical Fluid Dynamics 
(First Institute of Oceanography, State Oceanic Administration of 
China). The MASNUM coupled to ROMS in order to evaluate the 
wave-induced mixing in the upper ocean and the impact of surface 
waves on ocean-atmosphere fluxes and ecosystem dynamics. The 
model implemented in the coupled system for the computation 
nonbreaking wave-induced mixing parameter [6]. Biogeochemical 
ecosystem model based on the coupling of nitrate, ammonium, 
phosphate, and sulfur cycles [7]. The sediment-modeling 
component is from the Community Sediment Transport Modeling 
System. Currently these components are integrated into the ROMS 
model [8]. The sediment routines have been used to represent the 
simulate a variety of inner shelf and estuarine sediment processes. 
The coupler is the Model Coupling Toolkit [8] that allows the 
transmission and transformation of various distributed data 
between component models using a parallel-coupled approach. 
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