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Cook Inlet is home to declining population of Beluga Whales (Delphinapterus 
Leucas) which were declared “Endangered Species” in 2008



Belugas in Cook 
Inlet are the most 
geographically 
and genetically 
isolated of the five 
Alaska stocks 
(Hobbs et al., 
O’Corry et al.)

hunting quotas implemented



Purpose of Study:
• Study the beluga whales habitat and the changing 
environmental conditions in Cook Inlet 
• Try to better understand the relation between the 
beluga whales behavior, movements and survival to 
environmental conditions 

Data Used:
• Satellite tracked beluga movements

• Hydrodynamic/Inundation ocean models

• Satellite remote sensing data

• Local observations (when available)



Low Tide

High Tide

Why do we need a 
hydrodynamic/ inundation 

(flood) model?
• to capture “wetting/drying”

• mudflats largely 
inaccessible, so models and 
satellite data can “fill the 
gap” of environmental 
information



Princeton Ocean Model with Wetting 
And Drying (POM-WAD) Model:

1. Curvilinear grid (0.5-1 km)
2. Topography of mud-flat areas
3. Temp./Sal. stratification
4. Winds from local NOAA stations
5. Rivers runoff from USGS
6. Tidal forcing in south boundary

Model Simulations Output:
1. Temperature
2. Salinity
3. Currents
4. Water level
5. Water coverage/ mudflat exposure

flood zone

tides from 
the GOA



The amplification of the tides in the inlet are simulated quite well   
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Velocity and tide level in Turnagain Arm



low tide                 high tide

The transition of the 
salinity front with the 

tides is very different in 
the two arms      

(impact on beluga?)

tidal “bore”slow draining during ebb

salinity front salinity front



Satellite Remote Sensing Data

• allow us to map the mudflat area where local observations are 
difficult to obtain

Saline waters 
from the GOA



15 km

Anchorage Anchorage

(a)  (b)MODIS images from the Terra 
& Aqua satellites (1:45 h apart) 
show the progress of exposing 

land during ebb. 

 Can we use more images to 
map the flooded regions?



Landsat Image, Aug. 10, 2003 (during low tide)



Collected many satellite images, trying to capture different 
stages of the tidal cycle

Can the satellite analysis be used to map the changing mudflats?





Water Level Prediction:

η(x,y,t)=ηobs(t)A(x,y)cos[B(x,y)]+C(x,y) 

ηobs=observed WL in Anchorage
A, B, C = empirical parameters obtained from the statistics of 
the inundation model

at Anchorage

at upper Knik Arm





















3D CI topography derived from combining ~25 satellite images 
for inundated regions with model topography for deep regions



Observing long-term morphological changes in the mudflats
(all images taken ~2h after flood started in Anchorage)

southern channel

northern channel opened

northern channel

southern channel closed

southern channel



Do beluga whale stranding events relate to unexpected morphology changes?

Same water level but 
different morphology

We are working with 
NOAA/Fisheries to use 
our remote sensing 
data to study this 
possibility and possibly 
identify “danger” zones 
of rapid changes.





Can we use the inundation model 
to study the beluga movements?



Ezer, Hobbs & Oey, Oceanography, Vol. 21, No. 4, December, 2008

Analyze movements of 2 whales during 10 tidal cycles







Can Belugas location be predicted from Anchorage sea level? 



In Knik Arm:
the whale 

movement was 
correlated with the 

tidal currents

But

In Turnagain Arm: 
the whale motion 

was not correlated 
with the tidal 

currents (only with 
water level)



Beluga movements 
over 4 months    

(Sep-Dec, 2000) 

Whale1.
avi

Whale2.
avi



• Over a longer period of time (3.5 mon) whale movements more complex 
• Behavior in Knik Arm and Turnagain Arm still different

Mid CI

Upper
Knik Arm

Mid CI

Upper
Turn Arm

times whale tracked: * 1st /hr , * 2nd /hr, * 3rd /hr



Correlation between whale location and water level still exists, 
but other environmental factors may also affect their motion

3.5 months of whale data (Sep-Dec 2000)

upper Turnagain Arm

upper Knik Arm

central Cook Inletmid Turnagain Arm  

central Cook Inlet



Future Work:
• Analyze longer tracking data of the 

belugas (1999:1 whale; 2000: 2 whales; 
2001: 7 whales; 2002: 8 whales) 

• Study seasonal and interannual patterns
• Study environmental impacts on the 

beluga habitat (tides, fronts, sea-ice, etc.)
• Study stranding events and how they may 

relate to changing topography/water 
levels, etc.



Thank You
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