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1 Motivation & Objectives

Mountain catchments are the major contributer to the total renewable water yield in (semi-)arid regions. Consequently, a | Mountain Fmbfgths ,
distinct, well adapted assessment is essential for this hydrogeologic setting. Due to generally deep lying groundwater tables, | ;g’n”; "
the hydrologic response of a mountain catchment is divided into subsurface flow components and surface runoff in a (losing) .| Riparian
channel. Thus, an assessment strategy which targets groundwater recharge is particularly appropriate. 2 - 7 Regional Flow paths 8
Hydrologic modelling in this setting Is subject to limitations, either due to an inadequate process representation (implying the 4-_/*""""'
need for a usually lacking empiricial reference) or due to a lack of an adequate data base for largely process based =
Wi Basin Mountain Block -
approaches. - T .
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Against this background, the proposed hydrological model aims at rainfall based, spatially distributed and seasonal water = _ g mamas, 7 :

budget estimates in semi-arid mountain regions with pluvial hydrologic regime. Following the idea of simplicity [2], it aims at 2 __;' o2 .z.' i T -
considering the main processes and mechanisms and at the same time using a minimal number of model parameters. N - MountalieEront 2one soutivio the' Jebel AKHAREFICI oM e liey
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2 I\/Iethodology mplementation
_ 5 350 7 0% P
Co. C el . P= ETsurface + SMR + QR, direct T SIleaIIuvium + QR, indirect T qurface (Eq' 1) I= A / . eff
The approach proposed by [3] follows the subdivision of precipitation £ 300 \ K 60%  — Qe
. . . where P = rainfall T 250 s 50% Transm. loss
based recharge according to Figure 2. Accordingly, Eq. 1 shows the ET.. - surface wetting loss s f \ / e SMR.
water balance for a rain depth P which has precipitated on a discrete SMR = soil moisture replenishment = j - — o
5 a . _ — 1 ) // S % = : N Il‘e-C
area in a discrete time step At. Total recharge or total sub-surface QR drect S CIEETEEES . . O f / ., O —— Infiltration
_ _ o SMR_,wium = SOIl moisture replenishment in alluvial valleys o 100 } / 20% _ SMR
runoff Qg Is the sum of direct and indirect recharge (see Eq. 2). QR ingirect = indirect recharge 8 so ol 0% o
_ _ Qourface = surface runoff at Mountain Front nclﬁ 0 .i// 0% mﬁ’ig[elcgss
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A gqu | fer QR = QR, direct T QR, indirect (Eq 2) = P [mm/At] R
Prir_:ipitatifon ET, ET = Fig. 3. Response functions according to Eq. 1
reacning surtace - . “L- -
] T T o Main Simplification for a single parameter set
e \\. T i e S oy BER. || ssUfaceRunoftl s | soil moisture status | d instead of . -
Lt Eleseione; > o raahay mean seasonal soil moisture status is assumed instead of a Input patially Distributed Rainfall P(xy,At)
+ ! - @ demanding and yet uncertain continuous soil moisture accounting. v
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v ; 7  Parameterisation according to Hydrology Qr(XYil= fry, seasonlP (4 YA
PSR Indirect Recharge . ] o o
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» Gridded rainfall and preferably monthly time step

Fig. 2: Subdivision of precipitation based recharge (modified after [4]) Fig. 4: Accounting Scheme

3 Exemplary Application to parts of the Jebel Akhda r Mountains (Sultanate of Oman)

Study area Rainfall Characteristics Definition of Seasons
Ba"'na/, left: mean annual characteristics right: mean seasonal characteristics Tab. 1: Definition of Seasons
Co AL MUSANAAH _ _
“Stay Plair —_ 1 —rainfall depths vs. altitude Season Months Rainfall Characteristics
Irri — T . ..
it | o SE e C N S — ' S Winter December to April less variable, lasting
1= s O T ; | £ e ik Pel, L i) loxsii=En) remaining months indistinct, low mean amounts
S 150} .I.:j.‘.:’.. .:,ﬂ-'?* HETE: . IO Ce = _‘:":;_i;_---_._ﬁ: SRR -2
- % fo i o g 50 ?f‘";‘;',;'} r@+ B,
B 710 P < S - e g, i ra i« S ! : . .
= ﬂ;ﬁ e 3 lLass» . Response Units according to Geomorphology
51] 1 ] 1 1 1 1 ] L] 1 [} 1 1 L 1 I
Saudi Arabia © "0 oo 1000 1500 2000 2500 3000 | S U 00 1000 1500 2000 2500 3000 Tab. 2: Definition of Response Units
2 — coefficient of variation vs. altitude e
S | - § [ T T Response Unit Slope Altitude Lithology
g 159. = N e S J“.’f.‘.* ........... ~ In between : Quarternary low to mean < 1800 m.a.s.l S CoIIU\;ium
© E o Yy— (it = R : :
-S UEF%SQ..G i G . Dﬁ et © g-p{; : W . £
_ = _ hex o DRt Bl _
Elevation [m.a.s.l S [P ig&hioisic o o AP T T S : Slopes steep to very steep arbitrary Lj ;
| @, . o o O At R imestone,
B  Major Town Value . :’LE) O0BF iy .;_;. {}lﬁ : 'C 1 Evﬁ;#¢ﬁ,1m+ﬂ Fageeds f.ﬁ_’_-} e ?
[ Surface Drainage Divides | 9" 3000 0 100 200 Kilometers S 04 i W T 0 : ¢ Bop o5 i ; High Altitudes low to steep 21800 m.a.s.| Dolostone
_ 0 5 10Kilometers L1 o o
Study Area - Low : 0 0 a0 1000 1500 2000 2500 =000 O 0 a0 1000 1500 2000 2500 3000
altitude [m.a.s.l.] altitude [m.a.s.l.] DrOV|S|0n Of Parameter sets

Fig. 5: The Study Area
An ensemble of parameter sets Is used to tackle

« The water yield of the Jebel Akhdar Mountains is crucial to Fig. 6: Rainfall analysis based on 53 rainfall stations [3] gicenaintics cLEtoleaiaeearelh

the irrigated agriculture on the Batinah coastal plain

: Tab. 3: Results acc. to RUs and Seasons
« Considered catchment area: about 1300 km?2 Results = 20— . - / /
_ : O : : : Response Unit [Season P Pear| Qr/P
e Elevation ranges from 200 to > 2000 m a.s.| Fig. 7 shows mean W 15} : { Il Hydrological Model Seasan—yean H—Season
| | f - : Inverse GWM Summer 22 % 11%
e Average rainfall around 160 mm/a (whole area) and above annuai - values 0 }5 10p--- ? APLIS — lower limit Quaternary  |in between| 24 % 20 %
300 mm/a (high altitudes); particular years with > 600 mm/a Subsurface  Runoft % Y APLIS — upper limit Winter 54 % 27 %
. . . at Mountain Front. O :
+ Lithology: predominantly karstified carbonates o 015 20 30 40 50 60 70 8O 90 100 summer | 26% | 33%
W _ _ Distinct results acc. Slopes in between| 27 % 37 %
* Vvaterusein mountain 0ases to seasons and Quier [Mi0 M?/a] Winter 47 % 57 %
o Avanable long-term average_ reference values | bas_ed _on response units for a Fig. 7 Long-term mean subsurface runoff with reference to the | | .Summer 33 % 46 %
Inverse groundwater modelling ([5]) and regionalisation selected model run mountain front Q. for an ensemble of data sets High Altitudes |in between| 28 % 42 %
approach APLIS ([1]) are shown in Tab. 3. in comparison to available reference values Winter 39 % 63 %
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