
The NGTDM of NEMS rep re sents the nat u ral gas mar -
ket and de ter mines re gional mar ket–clear ing prices for
nat u ral gas sup plies and for end–use con sump tion,
given the in for ma tion passed from other NEMS mod -
ules (Fig ure 14). A trans mis sion and dis tri bu tion net -
work (Fig ure 15), com posed of nodes and arcs, is used
to sim u late the in ter re gional flow and pric ing of gas in
the con tig u ous United States and Can ada in both the
peak (De cem ber through March) and offpeak (April
through No vem ber) pe riod. This net work is a sim pli fied
rep re sen ta tion of the phys i cal nat u ral gas pipe line sys -
tem and es tab lishes the pos si ble in ter re gional flows
and as so ci ated prices as gas moves from supply
sources to end users. 

Flows are fur ther rep re sented by es tab lish ing arcs from 
trans ship ment nodes to each de mand sec tor rep re -
sented in an NGTDM re gion (res i den tial, com mer cial,
in dus trial, elec tric gen er a tors, and trans por ta tion).
Mex i can ex ports and net stor age in jec tions in the
offpeak pe riod are also rep re sented as flow ex it ing a
trans ship ment node. Sim i larly, arcs are also es tab -
lished from sup ply points into a trans ship ment node.
Each trans ship ment node can have one or more en ter -
ing arcs from each sup ply source rep re sented: U.S. or
Ca na dian on shore or U.S. off shore pro duc tion, liq ue -
fied nat u ral gas im ports, sup ple men tal gas pro duc tion,
gas pro duced in Alaska and trans ported via pipe line,
Mex i can im ports, or net stor age with draw als in the re -
gion in the peak pe riod. Most of the types of sup ply
listed above are set in de pend ently of cur rent year
prices and be fore NGTDM de ter mines a mar ket equi -
lib rium so lu tion.

Only the on shore and off shore lower 48 U.S. and West -
ern Ca na dian Sed i men tary Ba sin pro duc tion, along
with net stor age with draw als, are rep re sented by
short–term sup ply curves and set dy nam i cally dur ing
the NGTDM so lu tion pro cess. The con struc tion of nat u -
ral gas pipe lines from Alaska and Can ada’s Mac Ken zie 

Delta are trig gered when mar ket prices ex ceed es ti -
mated pro ject costs. The flow of gas dur ing the peak
pe riod is used to es tab lish in ter re gional pipe line and
stor age ca pac ity re quire ments and the as so ci ated ex -
pan sion. These ca pac ity lev els pro vide an upper limit
for the flow during the offpeak period. 

Arcs be tween trans ship ment nodes, from the trans -
ship ment nodes to end–use sec tors, and from sup ply
sources to trans ship ment nodes are as signed tar iffs.
The tar iffs along in ter re gional arcs re flect res er va tion
(rep re sented with vol ume de pend ent curves) and us -
age fees and are es tab lished in the pipe line tar iff
submodule. The tar iffs on arcs to end–use sec tors rep -
re sent the in ter state pipe line tar iffs in the re gion, in tra -
state pipe line tar iffs, and dis trib u tor mark ups set in the
dis trib u tor tar iff submodule. Tar iffs on arcs from sup ply
sources rep re sent gath er ing charges or other dif fer en -
tials be tween the price at the sup ply source and the re -
gional mar ket hub. The tar iff as so ci ated with in ject ing,
stor ing, and with draw ing from stor age is as signed to
the arc rep re sent ing net stor age with draw als in the
peak pe riod. Dur ing the pri mary so lu tion pro cess in the
in ter state trans mis sion submodule, the tar iffs along an
in ter re gional arc are added to the price at the source
node to ar rive at a price for the gas along the arc right
be fore it reaches its des ti na tion node. 

Interstate Transmission Submodule 

The in ter state trans mis sion submodule (ITS) is the
main in te grat ing mod ule of NGTDM. One of its ma jor
func tions is to sim u late the nat u ral gas price de ter mi na -
tion pro cess. ITS brings to gether the ma jor eco nomic
fac tors that in flu ence re gional nat u ral gas trade on a
sea sonal ba sis in the United States, the bal anc ing of
the de mand for and the do mes tic sup ply of nat u ral gas,
in clud ing com pe ti tion from im ported nat u ral gas. These 
are ex am ined in com bi na tion with the rel a tive prices as -
so ci ated with mov ing the gas from the pro ducer to the
end user where and when (peak ver sus offpeak) it is  
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NGTDM Outputs Inputs from NEMS Exogenous Inputs

Nat u ral gas de liv ered prices
Do mes tic and Ca na dian nat u ral gas wellhead 
  prices
Do mes tic nat u ral gas pro duc tion
Mex i can and liq ue fied nat u ral gas im ports and ex ports
Ca na dian nat u ral gas im ports and pro duc tion
Lease and plant fuel con sump tion
Pipe line and dis tri bu tion tar iffs
In ter re gional nat u ral gas flows
Stor age and pipe line ca pac ity ex pan sion
Sup ple men tal gas production

Nat u ral gas de mands
Do mes tic and ca na dian nat u ral gas 
   sup ply curves
Mac ro eco nomic vari ables
As so ci ated-dis solved nat u ral gas
    production

His tor i cal con sump tion and flow pat terns
His tor i cal sup plies
Pipe line com pany-level fi nan cial data
Pipe line and stor age ca pac ity and uti li za tion
   data
His tor i cal end-use citgate, and well head
   prices
State and Fed eral tax pa ram e ters
Pipe line and stor age ex pan sion cost data
Liq ue fied nat u ral gas sup ply curves
Can ada and Mex ico con sump tion projections
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Fig ure 14. Nat u ral Gas Trans mis sion and Dis tri bu tion Mod ule Structure



needed. In the pro cess, ITS sim u lates the de ci -
sion–mak ing pro cess for ex pand ing pipe line and/or
sea sonal stor age ca pac ity in the U.S. gas mar ket, de -
ter min ing the amount of pipe line and stor age ca pac ity
to be added be tween or within re gions in NGTDM. Stor -
age serves as the pri mary link be tween the two sea -
sonal pe ri ods rep re sented. 

ITS em ploys an it er a tive heu ris tic al go rithm, along with
an acy clic hi er ar chi cal rep re sen ta tion of the pri mary
arcs in the net work, to es tab lish a mar ket equi lib rium
so lu tion. Given the con sump tion lev els from other
NEMS mod ules, the ba sic pro cess fol lowed by ITS in -
volves first es tab lish ing the back ward flow of nat u ral
gas in each pe riod from the con sum ers, through the
net work, to the pro duc ers, based pri mar ily on the rel a -
tive prices of fered for the gas from the pre vi ous ITS it er -
a tion. This pro cess is per formed for the peak pe riod first 
since the net with draw als from stor age dur ing the peak
pe riod will es tab lish the net in jec tions dur ing the
offpeak pe riod. Sec ond, us ing the model’s sup ply
curves, well head and im port prices are set cor re spond -
ing to the de sired pro duc tion vol umes. Also, us ing the
pipe line and stor age tar iffs from the pipe line tar iff
submodule, pipe line and stor age tar iffs are set cor re -
spond ing to the as so ci ated flow of gas, as de ter mined
in the first step. These prices are then trans lated from
the pro duc ers, back through the net work, to the city
gate and the end us ers, by add ing the ap pro pri ate tar -
iffs along the way. A re gional stor age tar iff is added to
the price of gas in jected into stor age in the offpeak to
ar rive at the price of the gas when with drawn in the
peak pe riod. This pro cess is then re peated un til the so -
lu tion has con verged. Fi nally, de liv ered prices are de -
rived for res i den tial, com mer cial, and trans por ta tion
cus tom ers, as well as for both core and noncore in dus -
trial and elec tric gen er a tion sec tors us ing the dis trib u tor 
tar iffs pro vided by the dis trib u tor tar iff submodule.

Pipeline Tariff Submodule 

The pipe line tar iff submodule (PTS) pro vides us age
fees and vol ume de pend ent curves for com put ing unit -
ized res er va tion fees (or tar iffs) for in ter state trans por -
ta tion and stor age ser vices within the ITS. These
curves ex tend be yond cur rent ca pac ity lev els and re -
late in cre men tal pipe line or stor age ca pac ity ex pan sion 
to cor re spond ing es ti mated rates. The un der ly ing ba sis 
for each tar iff curve in the model is a pro jec tion of the
as so ci ated reg u lated rev e nue re quire ment. Econo-
met ri cally es ti mated equa tions within a gen eral ac -
count ing frame work are used to track costs and com -
pute rev e nue re quire ments as so ci ated with both

res er va tion and us age fees un der cur rent rate de sign
and reg u la tory sce nar ios. Other than an as sort ment of
mac ro eco nomic in di ca tors, the pri mary in put to PTS
from other mod ules in NEMS is pipe line and stor age
ca pac ity  uti li za tion and ex pan sion in the pre vi ous pro -
jec tion year. 

Once an ex pan sion is pro jected to oc cur, PTS cal cu -
lates the re sult ing im pact on the rev e nue re quire ment.
PTS as sumes rolled–in (or av er age), not in cre men tal,
rates for new ca pac ity. The pipe line tar iff curves gen er -
ated by PTS are used within the ITS when de ter min ing
the rel a tive cost of pur chas ing and mov ing gas from
one source ver sus an other in the peak and offpeak
sea sons. 

Distributor Tariff Submodule 

The dis trib u tor tar iff submodule (DTS) sets dis trib u tor
mark ups charged by lo cal dis tri bu tion com pa nies for
the dis tri bu tion of nat u ral gas from the city gate to the
end user.  For those that do not typ i cally pur chase gas
through a lo cal dis tri bu tion com pany, this markup rep -
re sents the dif fer en tial be tween the citygate and de liv -
ered price. End–use dis tri bu tion ser vice is
dis tin guished within the DTS by sec tor (res i den tial,
com mer cial, in dus trial, elec tric gen er a tors, and trans -
por ta tion), sea son (peak and offpeak), and ser vice type 
(core and noncore). 

Dis trib u tor tar iffs for all but the trans por ta tion sec tor are
set us ing econometrically es ti mated equa tions. The
nat u ral gas ve hi cle sec tor mark ups are cal cu lated sep -
a rately for fleet and per sonal ve hi cles and ac count for
dis tri bu tion to de liv ery sta tions, re tail mark ups, and fed -
eral and state mo tor fu els taxes.

Natural Gas Imports and Exports

Liq ue fied nat u ral gas im ports for the U.S., Can ada, and
Baja, Mex ico are set at the be gin ning of each NEMS it -
er a tion within the NGTDM by eval u at ing sea sonal east
and west sup ply curves, based on out puts from EIA’s
In ter na tional Nat u ral Gas Model, at as so ci ated
regasification tail gate prices set in the pre vi ous NEMS
it er a tion.  A shar ing al go rithm is used to al lo cate the re -
sult ing im port vol umes to par tic u lar re gions.  LNG ex -
ports to Ja pan from Alaska are set ex og e nously by the
OGSM.

The Mex ico model is largely based on ex og e nously
spec i fied as sump tions about con sump tion and pro duc -
tion growth rates and LNG im port lev els.  For the most
part, nat u ral gas im ports from Mex ico are set ex og e -
nously for each of the three bor der cross ing points with
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the United States, with the ex cep tion of any gas that is
im ported into Baja, Mex ico in liq uid form only to be ex -
ported to the United States.  Ex ports to Mex ico from the
United States are es tab lished be fore the NGTDM
equilibrates and rep re sent the re quired level to bal ance 
the as sumed con sump tion in (and ex ports from) Mex -
ico against do mes tic pro duc tion and LNG im ports.  The
pro duc tion lev els are also largely as sump tion based,
but are set to vary with changes in the ex pected well -
head price in the United States.  

A node for east and west Can ada is in cluded in the
NGTDM equil i bra tion net work, as well as seven bor der
cross ings into the United States.  The model in cludes a 

rep re sen ta tion/ac count ing of the U.S. bor der cross ing
pipe line ca pac ity, east and west sea sonal stor age
trans fers, east and west con sump tion, east and west
LNG im ports, east ern pro duc tion, con ven tional/tight
sands pro duc tion in the west, and coalbed/shale pro -
duc tion.  Im ports from the United States, con ven tional
pro duc tion in east ern Can ada,  and base level nat u ral 
gas con sump tion (which var ies with the world oil price)
are set ex og e nously.  Con ven tional/tight sands pro duc -
tion in the west is set us ing a sup ply curve from the
OGSM.  Coalbed and shale gas pro duc tion are ef fec -
tively based on an as sumed pro duc tion growth rate
which is ad justed with re al ized prices.
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Fig ure 15. Natural Gas Transmission and Distribution Module Network




