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Abstract

A distributed (GI5-based hydrological model is developed wsing (G158 and computational hydrology technigues. The maodel i
based on water halance consideration of the surface and subsurface processes. The swiace water balance prooesses include pre-
cipitation infileration, overland nmof, evapo-tmnspiration and canopy swurface interception losses om daily time steps; The sub-
surface prooss corsiders soil moistwre ascount ing om a monthly basis. The model was wsed to estimate generated ranof from matrix
of specific geo-referenced grids repmsenting Southern Africa. All regional and seasomal dispensation of water balances have been
bhased on standard GIS Formats for storage, spatal display and interpretation of results, Comsidering the 1961 -19%00) climatic period,
we have mapped the regional variation of the mean anmzal soil moisture (SM), actual evapo-transpiration (AET), and gencrated
runoff § ROF) across Southern Africa or known as the SADC region. The mode] estimates the mean SM of the region to be about
148 mmnfyear. There is a wide spatial range in the distribution of 8M over the region due to the fact that the absolute 20l moisture i
dependent om the water retention properties of the soils considered across the region, The mode] prediction of the meean annueal AET
im the region reachies a maximeum of 1500 mm, with mean 420 mm. The mean annuwal genermted runofl from the land catchment in
the region is abowt 131 mmiyear although there is a significant inter-regional variation among the SADC countries, which & a
function of the variation in the vegetation cover, s0il and climate variation. Lower nmoff regimes ame dominant in arid arcas in
Baotswana, Mamibia and south-western part of the Republic of South Africa. Higher munoff regimes are the Morthem and Western
Tanzamia. along the cast coastal nortions of Mozambioue, central Mozamhbioue, western Zambia and Malawi.

Kegwords: Water balanee mexlel; GIS; Begional hydrelogy; Southern Alres; Runelf Sed mosture; Evapo-trans piration

1. Introdwtion

Waler balance models have been widely used 1w
simulate regional water balances and Lo study hvdro-
logic effect of climatic change. The Thomthwaite and
Mather (1957) conceptualisation of the catchment water
balance [or long term monthly dimatic condition has
become one of the oulstanding research areas of water
balanoe moedeling of a catchment, region or of a conli-
nent. Typical examples are (1) a grid-based model for
Latin America of Vorosmarly et al, {19897; (2 the Rhine
Mow model of Van Deursch and Kwadijk, 1993); and (3)
the large scale water balance model for the upper Blue
Mile in Ethiopia of Conway (1997).

With the advent of increasing computing power and
GIS technigue, physical-based hydrologic modeling has
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become important in contemporary hydrology for as-
sessing the impact of human intervention andfor pos-
sible climatic change on basin hwdrelogy and water
resOUTces,

The use of distributed physially based (conceplual)
hydrological modeling with prudent simplification is
appropriate for providing a reasonable solution Lo large
scale hvdrological problems associated with planning
and optimal allocation of resources. The present work
concerns the devel opment of such a model Tor the region
of Southern Africa. The model can enable one 1w esti-
mate expected monthly soil moisture, actual evapo-
transpiration and runcfl, Such a model may be used For
planning and decision support system in the region.

Generally distributed tvpe models can be developed
either on the basis of dividing the drainage basin inlo
erid meshes of specified resolution or by identifving as
many as possible recognisable upstream subcatchments
in a watershed., A water balance model s developed
in this study based on grid cell size of 30 by 30 min
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resolution, covering the region of Southern Al-ica in a
view 1o document the seasonal regimes of soil moisture,

actua’ evapolranspiration and runofl,

2. Muahodology

2.0 Madel formadation

The distributed GIS-based  hwdrological moede
(DGHM) developed in this study is sased on consider-
ation of surface and subsurface processes (Fig. 1) In the
subsurlace zone, soal mosiure accounhng lechugque ol
Thornthwaite and Mather (1957), modified as part of
this study, is wsed in computing the water balance
components like actual soil moisture (SM), evapotran-
spiration (AET) and runoff (TRO). The surhce ab-
stractions in temms of overland runofl and interception
are accounted fr by DGHM by usng the SCS curve
numbar mathod (S5 1985 The ruowlel leads o0 the
creation of high-resolution data sets of SM, AET and
TRO over the several catchments in the Southern Afri-
can region, which are represented by pgeographically
referenced grids of 0.5%:=0.5" resoluton.,

The DGHM for the Southern Africin region pro-
posed in this study is based on the combination of: (1)
daily overland runofll computation using the curve
number (CMN) method and daily canopy evaporation or
interception losies estimaled from normalised vegeta-
tion indices (NDVI), in the surface processes; and (2)
monthly soil meisture accounting approach in the sub-
surlace zone.

The model handles the temporal and spatial varia-
tions of the walker balanee components by first solving
the temporal vasiation of sach hwdralogical component
for a single grid cell spatially over the region. This
eventually allows [or hydrolegic regime estabishment
for the region of Southern Alrica,

Regiongl information
[PET, PPT, SOIL, HOVI

£ Facipiiaton [ Burface process | [ Evepotranspiration |
;
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Direct runcif
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Fig 1. Representaton of waler halance &l @ gnd cell m the distnbuted
CilS-hased waler balance madel (IDEH M)

When wrillen in volumelnc units, water balanes can
be givea by

ASylt]= PPT — TRO — AET — F i

where PPT s volue (depth) of procipitation, TRO is
volume of runoff, AET is amount actual evapolranspi-
ration, F is commutative infiliration. & with a susscripl
denotes component of storage with the subscript M [or
sl minsiure stormgee, Eg. (1) 1% the lorm, wheh ex-
plains that the central idea of water ba’ance modeling is
monthly accounting of soil moisture,

The water balee model given by Eq. (1) can be
rearranged o estimate the wial run off as follows:

TRO = PPT — (ASM + AET) (2)

In Eq. (2) PPT is replaced with EPPT, which is the ef
fective precipilation, the precipitation in excess of in-
terception loss and that Qows overland, thus inflirates
Lo the =il

2.2 Decription and structure of the mode!

The mawlel dewalopment procedure and alporihm of
the water balance computaton at a gnd cell {using the
gird runofl genemtion (RG) component) is schemati-
cally shown in Fiz 3.

The precipitation inpul is first scparated into the
portion that is ruaofl over land (DRO) and the portion
that mnfiltrates inty the soil and enters the water balanee
caleulation called effective precipitation (EPPT). EPPT
is obtained rom grid precipitation (FPT) by sublracling
daily evaporation as intercention losses (ES) and dailv
overland runofl (DRO) computed by CN method of
rainfall abstraction, and aggregating for month of sim-
ulation The subsurface processes of =il moisture, ac-
tual evapotranspiration awd  genersted  runoll  are
presentad in the aibsequent sections.

2.3 Interception loas

The net precipriation that enters the soil, or iafiltra-
Lien, isthe ageregate effect of surface processes namely,
incoming precipitation, and losses through surface
evaporition a5 interception and  direct  runcfl. In
DGHM, therefors, the daily predpitation (F) input is
first separated into the following. (i) The portion that is
runcil overland (o), (i) the portion that infilirates ()
and enters the soil, and (i) the daily wet canopy surface
evaporalion of canopy inlerceplion losses (g0, Inter-
ceplion is estimatsd with the assumption of absence of
drainage with the water balance at the canopy described
b
il

m_[.—ﬁ]p—ewc = Cs 8 (%
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where pis the precipitation rale, e,, is the wel canopy
evaporation rate, 8 is the canopy waler storage capacily,
C is the actual amount of water inlercepled by canopy
and 4 is the free throughfll coefficient (the proportion
of rain which [alls to the ground without striking the
canopy). From measurements of & and leal area index
(LAT) of different landuses abulated in Futler et al
(19735), Biltu {1998) established & = 0997 — 0.1 3 LAI;
R = 0997 a5 a regression equation between them, and
this is adopted in this study.

2.4 Madeling daily overland runoff in DGH M

Belore entering the estimation of the water balanos
components, the daily precipitation () s separated into
the direct runofl (o) and the portion that infiltrates and
s0 enters the water balance computation as the effective
rainfall.

The US So0il Conservation Service (3C5) has pre-
pared a series of wbles and nomographs by which the
amount of daily overland runoff from intense precipi-
tation can be estimated fom information on slope,
ground cover, soil tvpe and antecedent precipitation.
This method is usually called the SCS—CN curve method
(CM Formoula), This method is usually recommended [or
daily overland runof estimation.

Estimation of the overland runofl using the CN [or-
mula for daily overland runofl is given by

P02

—— )
o ProE for P =025 (4)
Qo =00 for P02

where 5 15 a parameter related o curve number (CN)
(SCS, 1985, Chow et al.,, 1988) as

100
§=28 —-1 (5]
o= 254 g 1) 5

The constant, 254, in Eq. (5) gives 5 in mm. Thus, Pand
(o are also expressed in mm. Thus, the monthly volume
of overland runefl is the sum of the daily overland
runcil, DRO; that is, DRO = Ef, oy, where, nd is the
number of davs in the month under consideration.

The importance of this approach in developing the
DGHM is more explained in terms of the subsurface
processes, It is based on the assumption that if one
compules overland runefl from the total precipitation
falling, then it forms the effective precipitation that goes
Lo replenish the soil moisture,

2.5 Madeling soil moisture

Soil modsture is determined [rom the mnteraction be-
tween effective PPT and PET. During wel months {when
effective PPT in excess of PET), soil moisture can in-
crease up o amaximum of feld capacity determined by
soil texture and rooting depth.

'ﬁ_‘“_ EPPT — PET when EPPT = PET

and M = FC (6]
dSM
2P0 when SM=FC i7)
dSM

B TR aSM(PET — EFPT] when EPPT < PET

i8]
where, FCis the soil moisture at feld apacity of the soil
millimetres, PPT is precpiation in mmfmonth; PET is
potential evapotranspiration in mmémonth.

During the drv pericds where the EPPT = PET, the
s0il becomes increasingly dry, soil moisture becomes a
function of potential soil loss. Thus, different authors
assumed different relationship to find the soil modsture
during the dry periods (Thornthwaite, [9%48; Voro-
smarly et al,, 1989),

For a particular soil, there is a linear relationship
between Log (3M) and 5 (EPPT — PPT) summed [rom
the start of the dry seasen to the current month, Thus,
Lo caleulate the rate of change of soil moisture {AS)
through the dry season, the soil moisture is directly es-
timated from the empirical relation sugeested by Voro-
smarty et al, (1989), To caleulate dSM /dr through Eq.
(8) for intermediate field @pacities, the DGHM defines
a slope a to the retention function as

a = In(FC) /(1.1 282FC) 7% (9

where the numerator represents soil moisture (millime-
Lters) with no net drving. The denominator is the acou-
mulated polential waler loss or APWL (3 [PET - PPT|)
in mm at 5M = | mm. With a determined, the model can
caloulate d SM /dr as a fundion of soil dryness and up-
date SM.

Caleulations commence al the end of the wel season
when it is assumed the soil is at the fidd @pacity. Soil
waler stocks are then depleted during the dry season in
accordance with the moisture retention [unction. For
each wel month, soil modsture is determined by incre-
menting antecedent values by the excess of the available
waler over PET. This recharge may or may nol be sul-
ficient o bring the soil w feld capacity at the end of
subsequent wel season,

Analvsis of the ratio PPT/PET al the various grids in
Southern Africa has shown that the region cannol be
represented by one homogeneous climatic zone, rather it
is a combination of chimate influenced by the diversified
hydro-climatic conditions in the region. In this analvsis,
it has been observed that the long-term monthly rainfall
distribution varies greatly in the region.

It is assumed that the ratic PFT/PET could be a good
indicator of the seasonal distribution of menthly rain-
fall, and accordingly the wel season ends when the ratic
PPT/PET just starts to fall below unity, In line with this,
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therefore, the soil modsture can be assumed o be at ils
field capacity. Consequently, DGHM fixes a starting
month of any grid across the region according 1o the
alorementioned criterion. The solution of the basic mass
balance equation For the subsequent months can deter-
mined once the initial seil moisture state is oblained.

2.6 Actual ewpotrans piration

Onee the actual soil modsture 15 determined, the cor-
responding actual evapotranspiration (AET) is caleu-
lated Tor the month, Following the Thormthwaite and
Mather (1957 approach, AET is set egual to PET in wel
months, when EPPT = PET. During this time il is as-
sumed that EPPT is in sufficient abundance 1o satisfy all
the potential water demands of the resident vegetation.
During dry season when EPPT < PET, the monthly
average AET is modified downwards [rom ils potential
value as shown below .

AET =PET when

J";ET—EPPT—% when EPPT < PET (1)

EPPT = PET (10)

where the soil moisture drops below the wilting point,
the AET is equal to the EPPT but il there is no EPPT at
all time, AET becomes zero.

2.7 Total runaff generated at a grid

Muost of the water does not leave the basin as soom as
it becomes available as surplus. The portion that con-
stitutes overland Qow 15 assumed to Qow oul the wa-
tershed within the month it occurs but the portion that
infiltrates may ke a number of months Lo move slowly
through upper layer of the soil column o emerge in the
surface waler courses as base fow.

The lag or delay factor depends not only the size of
the basin bul alse on the vegetation cover and the soil
Lvpe, degree of slope, characteristics of the soil rock
lavers, elc.

Thormthwaite suggested that 5004 of the water surplus
could be assumed o runo T each month from large ba-
sins with the remainder being held over and added 1o the
surplus of the next month, This factor is set according o

Thornthwaite and Mather {1957) which is equal 1o 0.5,
RO = 0.5 (04 (EPPT = PET)}) when
SM = FC and EFPT = PET (12)
RO=050 when SM < FCand EPPT < PET

(13

where, RO is rainfall<driven runofl or surplus runoff
(mmdmonth) and £s the amount of detention storage in
millimeters that is assumed o leave each grid cell next

month, Finally, the total runefl from the grid is calou-
lated by adding the DRO and the RO,

TRO = DRO + RO (14)

Eq. {14) gives the runofl from each grid that is ulimately
routed as discharge for any catchment in the region.

3. Creation of geo-referenced distributed input database
3.1 Geo-referencing and GIS of the stwdy area

The study region invelves the Southern African
subcontinent that is encompassed between equator o
35 5 latitudes and 5 E-357 E longtudes, 1t is divided
into grids of 30 min spatial resclution representing the
region by 7000 square grids (70 rows by 100 columns).
Each grid point is assigned a unigue 1D number starting
from | to 7000, each referenced oo its latiludinal and
lengitudinal locaten, This forms the basic geo-
referenced platform of the study region. Totally 3402
grids represent the land catchments of the Southemn

Adrican region.

3.2 Precipitation and potential evapoiranspiration input
variahles

Rainfall is a climatic quantity showing grealer vari-
ahility within a short range of spatial variation. Despite
the scarcity of data in the region, distributed 196 1-1990
average grid rainfall data base at 0.57=0.5 from Hulme
el al, (1996) is used in this study. The Southern African
regional precipitation has been based on the thin-plate
splines approach developed by Mike Hutchinson [rom
the Australian Matonal University.

There is no readily available potential evapolranspi-
ration [or the region of Southern Africa, However, the
Southern Alrican regional 196 1-90 climatologies used in
Hulme et al. {1996) exist al 0,57 resolution, The region’s
monthly polential evapolranspiration was compuled
using the Penman's method and stored at 0057 grid res-
olution.

3.3 GIS-hased soils and vegetation information

The FAQUINESO soil map of Africa, available at
[0 10 min resclution, 15 wsed o derive the Southern
Adrican sodls data From which a 30 30 min resolution of
soils database is created by pixel conraction (Eastman,
19971, The soils classification of the Alrica (FAQ, 1988)
was based on agronomic characleristics and benefits it
renders Lo agriculture with about 133 of such soil types.
The rasterized soils map at grids of 30 30 min has been
used Lo derive textural soil classes, which ultimately [all
inte six groups (Table 1),
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Talle 1
Mstribution of textunl sod clamses in the Southem Alncan mgioen
Hanal Sandy kam Clay Clay kam Sl lessm Lathese]
Bear, oo grsls 531 320 331 1432 365 122
& coverape 24 10 @ 4z 11 4

To set broade rooting depths, o rooting depth
calcgoucs i counpliancs with Yorosmanty b al, (1989
have been created. These are: (1) VEG l—this includes
farmlands (or exensive crop producton area), savan-
nah with satiered trees, shrub lands, ec, and per-
cenlage forest of 500 or less of normalized diference
vegelation index (NDVI) (2) VEG2—dense [orest,
natural vegelation cover aud deciducus forest cover,
and percentage of forest above 5004 of mean annual
MDVI have used as a criterion.

The nature of soil at a particular lecation and for a
given vegetation cover affects the rooting depth. This
has hesn nodedd in Vorosmariy e oal (1989 and s
adopted. Based on the above vegetation grouping, the
root depth for each soil is assigned based on the values,
The 5CS soil groupings for the overland Qow module is
assigned according Lo the deliniion given in Singh
(1992) and is tabulated in Table 2,

Satelite data have been used extensively for mapping
the land use and for monitoring the seasonal chinge of
vepelation of river basins (Memani and Eunning, 1989,
The MDDV is commonly applied o derve the LAT from
channels | and 2 of NOAA-AVHEE data at | km?
resoluton. Monthly 12 NDVI images, expressed in
percentage, for [987 are scquired Fom USGS web

Tahle 2

Rarsting depth s mid for varous soil lestures snd 505 sad groupngs

pages. Based on NDVI values the LA for differentland

use growrs can be atimated by cmpicical foonul ac,
F4 Derivation of sl retention parameters

The ultimate importance of the texiral reclassfica-
tion of =oils and sepetation % Lo derive retention pa-
rameters of the soils such as field capacity (FC) and
wilting point {WP) values [or each soil group w deter-
mine the soil moisture capacities,

Based on feld measurements, Saxton et al, ([986)
have deseloped a echnique 1o estimalte the matriz po-
tential of different soils by psing moliple repgression
technigques. So at a matrix potential equivalent to feld
capacity (33 KPa) and wilting point (1500 KPa) for a
unit meter depth of soil, approximate values of FCand
W for e variows sodl lextures have been extractad (soc
Table 1. Accordingly, the FC and WP walues as per the
rooting depth is then derived for the whole regon as
summarised in Table 3.

The maximum retention capacity of sils depends on
the tvpe of soil and the vegetation cover of the area It is
obtained by multiplving the UFC and UWC values by
the corresponding root depth. Derived FC distribution
in the SADC region used in water balance caleulaton is

Vep goup KIIW 1 Assigned rool depth (M) for daferent soal types
Hanal Sandy kam Silty loam Clay kam Clay Lathese]
=5 25 20 20 14 12 0.1
£30% L 140 13 140 a7 0.1
BCS ged] group (Sirgh, 1992) A B (] [ IS B

Tahle 3

Relation: hip lmkmg vegelation cliss, soal texture, rooting depth and mosture capaaies of varous sal groups 1a Seuthem Alnca
Vep goup The root depth {m)

Hama Sandy lodamn Salt keam Clay ksam Clay Lathasal

GEP 25 20 20 L& 12 0.1
GRPZ 140 10 13 1 07 0.1
FCand AW af soly an %5 of totad vobewe of soiliim
T (FONmMm 14.1 200 7.5 35z a5.5 ITa
e (AN CHm 53 a1 13.2 3 ELE ] 152
FC and AWE per roar depeh of the plang
GRPL(FC) 353 L] 546 543 582 27
CER P (AWC) 195 215 252 245 153 14
GRP2(FC) 141 200 355 352 Ek) 27
CGRP2 (AWC) ] 104 183 152 L 14
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Fig. 2. Distribution of derived (2) fidd capacity (FC) and (b) avaidsble wate content (AWC) in the SATC region used m waler balmes caleulation.

presenied in Fig. 2a. On the other hand, Fig. 2b shows achieved in 5M, AET md TRO between subsequent

the spatial variation of the deived available water simulations, simulation proceeds until a dwnamic stzady
content (AWC) distribution across the SADC region state is achieved with in 0.01% error in all of these
used ir DMGHM. variables, When the steady state situation is arrived, the

outputs SM, EAT and TRO are maintained, anc the
spatial control module s invoked and computation for

4. Muodel application amd discussion of resuls another grid cell continwes. The model is then apolied
for 7000 grids that represent the study area according o
4.1 General principle their spatial identifier.

In order o establish the hwdrologic regimes of the

For a single peographically referenced grid cell, the stuwdy region, the available 1961-1990 average hydro-

model is run independently for the 30-vear period be- climatological informatien, on monthly basis, has been

tween 1961 and 1990 o derive a regional map of hvd- used as input to the model DGHM. The seasonal vari-

rologic regimes, In each simulation year, the model in ation of TRO, AET and 3M lor corresponding PET and

the subsurface zone, is run for a tme loop of 12 months, PPT for a tvpical region m Eastern Tanzania is shown in
by applving the PPT and PET. If a dwnamic state is not Fig. 3a—c, respectively.

Grit at bblong 102580 Z0T3E End: ot batlorg 10.25 /3575 E

Y —FET —FET
sl I_I' 1-\._.-' 1. = --FFPT ar -\-\. — FFT
! i1 —=—TR R
S ' e
/ ] 8 -
L : E +f _’!_,,F"
s k AN
4 T

mday

(a) o by a w C 1 F W A w4 1 & =

oD
- E
g‘ E
E =
E ";.
lu 2
o R
of =]
£ E
& S

LI

g

Fig 3 Sesgonal varibion of predpitation and PET versus model derived () runodl, (b) sctusl evapotrans pration and (¢} sod] mosture for a selected
gnl cell the SADC region centred on Eambern Tanmais, which & dommated with sod of fidd capacity of 349 mum.
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4.2 Boil maoisiure

The variation of 1961-1990 mean annual soil mois-
Lure (MASM) in Southern Alncan regon, compuled by
the maxdel, is shown in Fig. 4, The MASM of the basin is
estimatad by the model is aboul 148 mm. The frequency
distribution of MASM owver the region portrays a sig-
nificance spatial variation (Fig. 4). This is due to the fact
that the absolute soil moisture depends on the water
retention property of the soil, and hence on the feld
capacity of the soil. IT the actual soil moisture is segre-
gated by its feld capacity value of the correspondin g soil
tvpe, the actual regional variation @n be observed
clearly.

It can be observed Fom Fig, 4 that DGHM simu-
lates the majority of the area Morthwestern Tanzania
wesl of the Lake Vidoria extending lo west of Zaire
and Central Mozambique Lo exhibit higher annual sodl
madsture regimes, The highland areas in Morthern and
Eastern Tameania have moderate sml moisture and
most part of central and Southern Africa from im-
babwe to southern most of Republic of South Africa
are dominated by low soil modsture regimes, Generally,
the map of annual average soil moisture Lo some extent
follows the patiern of precipitation. The variation of
mean annual SM with respect to the mean annual PPT
is depicted in Fig. 5.

It can also be inferred from Fig. 5 that high precipi-
tation grids experience high 5M, explained by relatively
high values of the ratio mean annual SM/FC, However,
because PPT aloneis a poor indicator of SM in absolute
terms, and the varation of SM with PPT 15 not dis-
tinclively related, either linearly, or not otherwise, This
can also be attributed because of the high variation of
FCin the region shown in Fig. 4, which ranges from 27
Lo 563 mm that can affect the ratio of actual SM w FC.
But the dependence of SM on FPT becomes more vivid
il it is segregated by the field capacity.

5]
Maan annual soil moishurs - 1961-00
5
Bl
BE:l
-
-8
] Sail maistura [mm)
M0 D A I WD
T T 717711
8E 10 18E 20E PEE  ME  3XE  40E  4BE  GOE

Fig. 4 Maan annual soal medsture varmion for the bageline 19511990
over Southern Alraca.

Mean annual 5M va PPT

Precipitation (rmmiday)

o 100 0 ] 400 =00 2]
Sall moisiure (mm)

Fig. 5 The relationship between precpilabon and moslel derived
mean amnial sod mos e,

4.3 Actual evapotranspiration

The variation of mean annual actual evapotranspi-
ration in the Southern African region, simulatad by the
model DGHM, is shown in Fig. 6. The model prediction
of the mean annual {(AET) in the region reaches a
maximum of 1500 mm, with mean 420 mm.

Considering the whole region, the actual mean ann ual
AET accounts [or 41% of the mean annual PET over the
region. The spatial variation of the compuied annual
AET over the Southern African region is shown in Fig
7. It can be seen that, PET is high in the area near the
shore areas surrounded by the ooeans and decreases
towards hinterland, Mearly northern hall of Scuthern
Adrican region experiences higher evaporation than the
remaining southern half of the region which ex periences
loweer evaporation.

The variation of the ratio of annual AET to PET is
shown in same fgure (Fig. 7). The regional variation of

Ms=an annual AET va PPT
7

Pracipitaton {mmiday)

Evapolranspieation (mmiday)

Fag. & The relabiomship belween 1951 and 1990 middn anniial précap
atien amd DOGHM medel denved mesm smnusl AET over the
Southem Alrcn regon.






