
54 
 

International Journal for Environmental Rehabilitation and Conservation 
 
 ISSN: 0975 6272 

XI (SP2): 54 — 63   
www.essence-journal.com 

Original Research Article  

Simulation of transport of ITF and Indian Ocean using HYCOM 

Pandey, Vivek Kumar1 and Singh, Nidhi2 
1K. Banerjee Centre of Atmospheric and Ocean Studies, University of Allahabad, Prayagraj (U.P.) 
2Department of Environmental Science, VBS Purvanchal University, Jaunpur (U.P.)  

Corresponding Author: vivekbhuoa@gmail.com   

A R T I C L E  I N F O 

Received:  8 July 2020 | Accepted: 12 August 2020 | Published Online: 30 September 2020 

EOI: 10.11208/essence.20.11.SP2.127 

Article is an Open Access Publication 

This work is licensed under Attribution-Non Commercial 4.0 International  

(https://creativecommons.org/licenses/by/4.0/)  

©The Authors (2020): Publishing Rights @ MANU—ICMANU and ESSENCE—IJERC. 

A B S T R A C T 

An attempt has been made to simulate the seasonal volume transport of Lombok (115° 44" E, 8° 46" S) passage 

in Indonesian Throughflow region and at some prime locations of the tropical Indian up to a certain accuracy 

limit using Ocean general circulation model experiments with the HYCOM. HYCOM simulation output 

pentad data (May, 2009- December, 20012), model resolution for the simulation was very fine i.e. of the 1/12⁰ 

which is capable to resolve the major passage, existing in the Indonesian archipelagoes region. HYCOM uses 

sigma coordinate for coastal region and Cartesians coordinate for the deep ocean. Model has produced the 

horizontal volume transport value of the Lombok transport that is of the same order as in the previous results 

with POM and also from the other Ocean Model studies but with somewhat different magnitude. The range of 

the transport in the Lombok strait case is +4 Sv to -4 Sv while in case of equatorial and tropical Indian Ocean 

is +20 Sv to -20 Sv and +40 Sv to -40 Sv. Incensement and decreasement of the positive and negative i.e. west 

word and eastward horizontal transport on an average comes within this limit of the transport. These seasonal 

trends are an indication of the change in seasonal dynamics and thermodynamics of the ocean and as a result 

a signal of the monsoonal/climatic change in the region of its surrounding due to high temperature huge water 

mass accumulated with it. The signature of unseasonal negative Indian Ocean dipole 2009 is observed in 

transport of 2009 in the ITF and also in the transport of equatorial Indian Ocean. 
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Introduction 

Oceanography is the scientific study of the 

world’s seas and it is the investigation and 

interpretation of the ocean’s biological, 

chemical, geological and physical 

characteristics. To interconnected the nature 

of the oceans and the climate system we need 

to know that how the oceans preserve the 

biological species under its influence in the 

changing climate.   Oceanography has the 

diverse array of backgrounds; the natural 

sciences, mathematics, engineering, political 

science and more. The Indonesian 

throughflow (ITF) is a flow of ocean current 

through the Indonesian archipelago region 

which has importance for globe climate since 

it provides a low-latitude pathway for warm, 

fresh water to move from the Pacific to the 

Indian Ocean.  It transfers upper ocean waters 

from the Pacific Ocean to the Indian Ocean. 

The ITF is located on Western Pacific Warm 

Pool (WPWP) an area from which the 

atmosphere derives much of its heat and 

moisture.  Wind, temperature and 

precipitation changes cause be seasonal 

variation and climate phenomenon like El 

Nino and Southern Oscillations (ENSO) 

affected the ITF transport.  During the ENSO 

the trade winds looses its intensity and 

warmer water from the east across spread in 

the Central Pacific, which causes upwelling in 

the western Pacific.  In general ITF is one of 

the main causes of the normal Indian 

monsoon/Asian monsoon normal. In ENSO 

year the ITF transport decreases and increase 

of approximately 4 Sv and becomes the cause 

of monsoon failure which can have drastic 

socioeconomically impacts on the Indian 

Ocean region due to flood and drought.  The 

ITF is unidirectional from the Pacific to the 

Indian Ocean. Pacific water enters the 

Indonesian Archipelago mainly through 

Makassar and Lifamatola straits. Transport 

through this strait is at least 2-3 Sv (Gordon, 

2005) and the throughflow waters exit the 

Indonesian Archipelago via three principal 

routes are Lombok strait, Ombai strait 

(connecting to Savu and Sumba strait) and 

Leti strait (connecting to Timor Passage):  

This inter basin transport has been given 

much attention as an important component of 

a global thermohaline circulation of the world 

oceans, (Gordon and Fine, 1996, Hirst and 

Godfrey,1993): ITF connected the Pacific 

Ocean to Indian Ocean which is the major 

connection of the two ocean in the tropical 

region in the world ocean system. This is the 

why the Indian ocean shows variation in its 

component and shown dipole mode 

characteristics which is being a large part of 

studies with use of modeling and mooring 

data (Agrawal and Pandey, 2017b; Pandey, 

2018; Pandey, 2011a, Pandey, 2011b, Pandey 

and Kurtakoti, 2014; Pandey and Singh, 

2010a, Pandey and Singh, 2010b): The mean 

transport calculated by those studies ranges 

widely from 0 Sv to 19 Sv, which depends on 

the time and location of the observations or on 

model geometry within the Indonesian Seas. 

Godfrey (1989) introduced “the island rule”, 

to calculate the throughflow transport based 

on the classical Sverdrup vorticity balance, 

which gives 16 Sv for the mean transport with 

the Hellerman Rosenstein 1983 winds despite 

the limitation due to the dynamical 

simplification which supported by the other 

modeling studies (Pandey et al., 2007): After 

the ITF waters exit the archipelago they form 

into a narrow westward flow centered at 12⁰S, 

within the SEC. The fresh upper ocean waters 
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are easy to see on any meridional salinity 

section in the eastern. The trade winds and 

ocean currents that run in opposite directions 

cause the 30 centimetres difference. Imagine 

the largest movement of water on the planet 

which flows through the Indonesian 

archipelago from the Pacific Ocean to the 

north-east to the Indian Ocean in the south-

west and that describe this difference. ITF 

strengthen the SEC which played role in 

Indian monsoon and also in ENSO and IOD 

(Agrawal et al., 2017a, Agrawal and Pandey, 

2017; Pandey et al., 2007): Variability is large 

and includes an ENSO signal (Hautala et.al, 

2001):  Since the 1960s, there have been many 

attempts to estimate the mean throughflow 

transport and its variability, with various 

indirect methods and numerical models.                                                                     

XU et al. (2016) performed a study on gridded 

sea level anomaly (SLA) data-set provided by 

AVISO that is used to track the propagation 

of intra seasonal Kelvin waves in the ITF 

region. The Indonesian archipelagos 

underwater topography includes trenches, 

troughs and basins-it is very complex and 

deep and not as simple or shallow as one 

would think (Pandey and Pandey, 2007): The 

ITF is strongest in the June, July and August.  

It is observed that the salinity has its effect on 

the Inter-annual variability of the ITF (Hu and 

Sprintall, 2016) and inter-annual variability of 

ITF and rainfall intensity observed to 

strengthening the inter-basin exchange via the 

Indonesian seas (Hu and Sprintall, 2017): 

A number of studies in series derived by the 

Princeton Ocean Model output resulted that 

the turbulent nature of the ITF generates 

enormous heating in the region due to the 

dissipation and its large heat carried by heat 

which in turn play role in the global climate 

change (Pandey and Pandey, 2006; Pandey 

and Pandey, 2008):  In recent day 

observational studies Anderson et al. (2014) 

examine the near-surface variability of 

temperature and salinity in the near-tropical 

Ocean. ITF has very important role in the 

Indian Ocean dynamics as well as in the 

Indian monsoon system (Gordon et al, 2010):  

The seasonal variation through the ITF has 

importance for the regional study. All the 

described dynamics of the ITF influenced 

Indian and Pacific Ocean region i.e. the Indo-

Pacific region depends on the high 

temperature and high heat accumulated 

volume transport of the ITF and hence the 

various modeling studies has been done up to 

certain accuracy limit. The seasonal 

variability makes ITF a unique transport 

which till date not quantifies exactly and thus 

also its overall effect on Indian ocean 

transport variability and Indian monsoon. The 

day when the exact measurement of the ITF 

will be determined, then its net effect on 

South Equatorial Current will be magnified 

and thus its overall effect on the Indian 

Monsoon will be studied well. 

The study focused to simulate the seasonal 

volume transport through the narrow but a 

major passage of the Lombok (115° 44" E, 8° 

46" S) and the seasonal variation of volume 

transportation through some prime locations 

of the tropical Indian Ocean for latitudinal 

section of 1 degree i.e. using the fine 

resolution hybrid coordinate model which 

easily follows the coastal as well as the deep 

ocean dynamics.  

 Data and Methodology 
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The following methodology used for the 

Model Run: Hybrid Coordinate Ocean Model 

(HYCOM), simulation output data for region 

10⁰E to 124⁰E and 43⁰S to 30⁰N using 

Generalized Digital Environment Equatorial 

Model (GDEM) climatology and it is forced 

by 3 hourly Global Forecast System (GFS) 

data, with the topographical data General 

Bathymetric Chart of the Oceans 

(CEBCO)for bathymetry of 1′, was analysed 

for the Indian Ocean and Indonesian 

throughflow region i.e. for the Indo-Pacific 

region of the ocean. The model resolution for 

the simulation was very fine i.e. of the 1/12⁰ 

which made the output resolution very useful 

for every passage, existing in the Indonesian 

archipelagoes region. We have computed the 

water volume transport using current data of 

the HYCOM in a ferret script of volume 

transport and drawn a time series plot of the 

volume transport at Lombok (115° 44" E, 8° 

46" S) strait of the Indonesian throughflow 

and at different locations and prime locations 

of tropical Indian Ocean using the visualizing 

software ferret.  

 

 

 

 

 

 

 

Fig. 1: Seasonal volume transport of the Lombok Strait (115° 44" E, 8° 46" S) 

Result and Discussions 

The HYCOM output for Indian Ocean and 

ITF analyzed to find out the seasonal volume 

transport through the narrow but a major 

passage of the Lombok (115.7°E, 8.8° S) and 

the seasonal variation of volume 

transportation through some prime locations 

of the tropical Indian Ocean for latitudinal 

section of 1 degree i.e. using the fine 

resolution hybrid coordinate model which 

easily follows the coastal as well as the deep 

ocean dynamics. The seasonal variation of 

volume transport in this region of tropics 

indicates a huge amount of heat transport 

from Pacific Ocean to Indian Ocean or in 

some cases from Indian to Pacific Ocean. 

Thus the exchange of a huge amount of heat 

accumulated volume of water causes the 

change in the regional dynamics.  Hence our 

focus is merely on the seasonal volume 

transport i.e. an indirect focus on the heat 

transport as well as the regional dynamics.  In 

this study we have examined the seasonal 

volume transport of the Lombok (115° 44" E, 

8° 46" S) channel Lombok (115° 44" E, 8° 46" 

S) Channel (Lombok Channel has length 60 

km, Maximum width 40 km and minimum 

width 20 km and hence get resolved by 1/12° 

resolution ocean modeling by HYCOM) in 

the Indonesian Archipelago and the seasonal 

volume transport Indian Ocean at 67.5° E, 9° 
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S; 81° E, 21° S; 85° E, 12° N; 90° E, 11° N 

and 90° E, 1° N.    

Fig. 1 shows the monthly volume transport 

(Sv) of the narrow but one of the widely open 

Lombok (115° 44" E, 8° 46" S) Channel for 

2009-2012, in which we find a positive and 

negative, highest and lowest peak volume 

transport in month of May-June 2009 with an 

average maxima and minima of 4.0 Sv 

(Sverdrup), and in the same year we find a 

smaller peak in the month of December with 

over all variation in the whole year. Two high 

peaks found in the January month of 2011 and 

2012. At this passage/channel we find the 

overall varying. Positive transport value 

shows the transport from east to west 

direction i.e. Pacific to Indian Ocean and 

negative transport shows the transport from 

west to east direction i.e. from Indian to 

Pacific Ocean. We observed the highest and 

lowest transport i.e. the abnormal change in 

direction and magnitude of the transport in 

mid of the May, 2009 is indication of the 

unseasoned negative IOD 2009 which have its 

effect in the region of Indonesian 

Archipelagoes (ITF region) and Equatorial 

India Ocean both and thus on the regional 

climate and monsoon. 

Fig. 2 Seasonal volume transport at 90° E, 1° N in the equatorial Indian Ocean 

The figure 2 shows that the monthly shows the 

horizontal volume transport at 90° E, 1° N in 

the equatorial Indian Ocean for 2009-2012, in 

which in month of May 2009 the average 

volume transport is 40 Sv, and in the same 

month of 2009 the volume transport declining 

at the average of -30 Sv. Other than May 

2009, highest positive and negative peaks are 

varying with average of 20 Sv to 10 Sv from 

2009 to 2012. Positive transport value shows 

the transport from east to west direction i.e. 

Fig. 3 Seasonal volume transport at 90° E, 11° N in the tropical Indian Ocean 
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Pacific to Indian Ocean and negative transport 

shows the transport from west to east 

direction i.e. from Indian to Pacific Ocean. 

We observed the highest and lowest transport 

i.e. the abnormal change in direction and 

magnitude of the transport in mid of the May, 

2009 which indication of the unseasoned 

negative IOD 2009 which have its effect in the 

region of ITF region and equatorial India 

Ocean both and thus on the regional climate 

and monsoon. 

Fig. 3 shows that the monthly shows the 

horizontal volume transport at 90° E, 11° N in 

the tropical Indian Ocean for 2009-2012, in 

which in the month of September-October 

2009, the volume transport declining at the 

average of -25 Sv, and in the month of May 

2009 the volume transport inclining at the 

average of 10.5 Sv. Other than year 2009, the 

average highest positive and negative peaks 

are 10 Sv for 2010 -2012. We clearly observe 

that the effect of distance change with respect 

to equatorial reason is resulted in form of 

transport characteristics and that is appear in 

the figure 4 also which shows that the monthly 

the horizontal volume transport  at 85° E, 12° 

N in the tropical Indian Ocean for 2009-2012, 

in which  in the month of Aug-Sept 2009 , 

Oct- Nov 2010 and Sept-Oct 2012 volume 

transportation is declining with negative 

highest peaks at the average of -20 Sv, and in 

the month of March-April 2010, Jan- Feb 

2011 and Sept- Oct 2011 volume transport is 

inclining with positive highest peaks at the 

average of 20 Sv.  

 

Fig. 4 Seasonal volume transport at 85° E, 12° N in the tropical Indian Ocean 

Fig. 5 Seasonal volume transport at 81° E, 21° S in the tropical Indian Ocean
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Fig. 5 shows that the monthly the horizontal 

volume transport at 81° E, 21° S in the 

tropical Indian Ocean for 2009-2012, in 

which we found two continuous highest 

positive peaks from Aug – Dec 2010 at the 

average of 30 Sv and other highest positive 

peak in the month of Jun-July 2012 at the 

average of 40 Sv. In the month of July-August 

2010 the volume transport was decline at the 

average of -40 Sv.  

Fig. 6 shows that the monthly shows the 

horizontal volume transport at 81° E, 21° S in 

the tropical Indian Ocean for 2009-2012, in 

which we found that the highest positive 

peaks in May-June 2009 and July-Aug 2010 

at average of 25 Sv and Other highest positive 

peaks March -July 2012 at the average of 20 

Sv. In the month of June-July-August 2009 

volume of transport was declining at the 

average of -40 Sv.  

Fig. 6 Seasonal volume transports at 67.5° E, 9° S in the tropical Indian Ocean 

These results from model simulated data we 

find that the transport varies seasonally and 

the direction of the flow in the Indonesian 

region as well as the Indian region reverses 

time to time due to seasonal winds and 

thermohaline circulation occurred due to the 

salinity and temperature changes. Also these 

results show that the spatial and temporal 

changes in horizontal transport depends also 

the regional topography i.e. shallow water 

transport and deep ocean transport.   

Conclusion 

An attempt has done to find out signature of 

the seasonal horizontal volume transport of 

different prime region in tropical Indian 

Ocean and Lombok strait of Indonesian 

Archipelago region using the model output of 

fine resolution model HYCOM for duration 

2009-2012.  The volume transport through the 

Lombok channels/passages of the ITF and 

some prime location of Indian Ocean has 

calculated which show the seasonal trends. 

These seasonal trends are an indication of the 

change in seasonal dynamics and 

thermodynamics of the ocean and as a result a 

signal of the monsoonal/climatic change in 

the region of its surrounding due to high 

temperature huge water mass accumulated 

with it. The signature of unseasonal negative 

Indian Ocean dipole 2009 is observed in 

transport of 2009 in the ITF and also in the 

transport of equatorial Indian Ocean.  

This fine resolution hybrid coordination 

model which uses sigma coordinate for 

coastal region and cartesians coordinate for 

the deep ocean has produced the volume 

transport value of the Lombok transport that 

is of the same order as in the previous results 
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with Princeton Ocean Model (POM) and also 

from the other Ocean Model studies but with 

somewhat different magnitude. The range of 

the transport in the Lombok strait case is  +4 

Sv  to -4 Sv while in case of equatorial and 

tropical Indian Ocean is +20 Sv  to -20 Sv and 

+40 Sv to -40 Sv. Incensement and 

decreasement of the positive and negative i.e. 

west word and eastward horizontal transport 

on an average comes within this limit of the 

transport. The Cross sectional range for the 

transport calculation in case of Indian Ocean 

is ~110 Km and while in case of Lombok this 

cross sectional range is naturally narrow and 

impact of this is also visible in the result of the 

seasonal transport.  
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