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N orthern Pakistan’s Hunza and Shyok headwaters, where the Karakoram, Himalaya,

NOISIAI

and Hindukush ranges converge, host some of the largest mid-latitude valley glaciers

outside the polar regions and play a decisive role in runoff and hazards of the Upper
Indus Basin. Hypsometry provides a rapid, terrain-based approach to assess basin condition
in such high mountain settings. In this study, a 30 m digital elevation model was used to
delineate 31 sub-catchments, and for each unit, the hypsometric curve and hypsometric
integral (HI) were derived. Methods were kept consistent across scales, with HI also
recalculated on 1-4 km grid tiles, and spatial organisation tested through Global Moran’s I and
the Getis-Ord Gi* statistic. Results reveal coherent belts of high HI aligned with the Main
Karakoram Thrust, the Main Mantle Thrust, and the Karakoram Fault, indicating actively
rising terrain and focused incision. Lower HI corridors occur in wider valley floors and recent
fills, reflecting more mature landscapes and enhanced storage. HI distributions remain stable
across tile sizes with mean values below one-half, while significant clustering confirms that
these belts are intrinsic terrain signals. Harder crystalline and intrusive lithologies show higher
HI on average, though wide variance suggests the combined influence of structure, rock
strength, and relief. These geomorphic patterns carry direct hydrological meaning: high-HI
belts imply fast translation of snow and ice melt with sharper seasonal peaks, whereas low-HI
corridors favour storage and delay. Hypsometry, therefore, offers a cost-effective and
reproducible tool for identifying active belts and providing priors for hydrological modelling
and hazard planning in the Upper Indus Basin.
Keywords: Hypsometric Integral, Hypsometric Curve, Global Moran’s I, Getis-Ord Gi*
Statistic, Upper Indus Basin.
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Introduction:

Northern Pakistan marks the confluence of three major mountain ranges, the
Karakoram, Himalaya, and Hindukush. This unique convergence harbors some of the world’s
largest mid-latitude valley glaciers outside the polar regions and serves as a vital source for the
Upper Indus Basin. An estimated 1,214 glaciers span approximately 12,705 square kilometers,
with over 70% situated within the Karakoram region. In the upper Karakoram, the Hunza
Basin governs the hydrology of multiple valleys, with elevations ranging from about 1,500
meters to over 7,500 meters above sea level. Iconic peaks such as Ladyfinger, Batura Muztagh,
Shishper Sar, and Rakaposhi ring the basin and feed large ice bodies that act as natural
reservoirs for downstream communities [1]{2]. Snow and ice melt generated in these high
mountain catchments can exceed one and a half times the outflow measured downstream
along the Indus, which shows the scale of cryosphere control on water security for agriculture,
energy, and settlements [3]. The Hindukush Himalaya cryosphere has been highly sensitive to
recent global warming. Many glaciers have retreated or thinned, forming numerous moraine-
dammed lakes near glacier termini whose sudden growth or failure can trigger glacial lake
outburst floods that cascade into landslides, debris flows, and destructive flood waves. While
the global picture is widespread retreat, parts of the Karakoram show relative mass stability
and surge activity, a regional behavior often termed the Karakoram anomaly, which calls for
basin-based evidence that links geomorphology, climate forcing, and hydrology rather than
relying only on discharge trends [4][5][6]. Climate change modifies water resources by raising
temperatures, shifting the timing and amount of snowfall and rainfall, and altering the onset
and peak of melt seasons. The hydrology of the Upper Indus reflects the interaction of snow
processes, glacier dynamics, and monsoon and westerly systems that vary across space and
time. Observations indicate rising mean and extreme temperatures, shifting precipitation
patterns, and increasing hazard frequency, all of which carry significant implications for
livelihoods and infrastructure in Pakistan [7][8][9][10][11][12]. Regional institutions emphasize
that a significant share of the global population relies directly or indirectly on mountain water,
hydropower, timber, natural products, hazard mitigation, and recreation originating in the
Hindu Kush and Himalaya. However, many valleys remain data sparse and require coordinated
observations alongside local knowledge for practical adaptation [13][14]. The HKH spans
tropical and subtropical influences at the foothills through to permanent ice and snow at the
highest ridges. Warming during the twentieth century has been marked, with winter increases
often exceeding other seasons, which affects snow cover duration, melt timing, and runoff
character in headwater basins [15][16][17]. Pakistan ranks among the most climate-vulnerable
countries due to its geography, heavy reliance on water and agriculture, limited adaptive
capacity in certain regions, and gaps in disaster preparedness. Agro-climatic classifications
further reveal that exposure and sensitivity vary across provinces and river basins [10]. In this
context, hypsometry serves as a useful approach for interpreting the condition of a basin. The
hypsometric curve and the hypsometric integral summarize how area is distributed with
elevation and have long been used to compare watersheds and infer the imprint of tectonics,
climate, and lithology. In the Karakoram and neighboring ranges, hypsometric analysis in a
geographic information system has been used to examine watershed condition and to separate
glaciated from non-glaciated responses in relation to slope, elevation, and rock type
[18][19][20][21]]22][23][11].

Pakistan spans the contact of the Eurasian plate in the north and the Indo-Pakistani
plate in the south. In the north, the fold and thrust belts are divided into the Sulaiman belt
and the northwestern Himalayan belt. The northern region comprises the Karakoram Terrane,
the Kohistan Island Arc, and the Indo-Pakistan Plate, bounded by the Main Karakoram Thrust
to the north and the Main Mantle Thrust to the south, which define the major tectonic
contacts. The Hunza valley exposes rocks from Precambrian to recent age, including

October 2025 | Vol 07 | Issue 04 Page | 2324



OPENaACCESS International Journal of Innovations in Science & Technology
metamorphic and volcanic units, and shows clear structural control on valley form, slope
instability, and incision. The Main Karakoram Thrust hosts thick ophiolitic mélanges with
serpentinite and volcanic rocks, while the Main Mantle Thrust marks the southern contact of
the island arc against the Indian margin. Slope failures such as the Attabad event in January
2010 illustrate the hazard context created by steep slopes and active structures [24][25][26].
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Figure 1. A map of Pakistan, presented with its provincial and administrative boundary
lines. Five provinces are shown, namely Punjab, Sindh, Baluchistan, Khyber Pakhtunkhwa,
and Gilgit Baltistan.
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Figure 1. ASTER Global digital élevation model (GDEM) of Shyok and Hunza Basin, the
location of UIB.
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Objectives:

To compute pixel-based hypsometric integrals and curves across 31 sub-catchments
of the Hunza-Shyok sector using a 30 m DEM, and to classify the basins into youthful,
intermediate, and mature stages of landscape evolution.

To assess the spatial organisation of hypsometric signals through Global Moran’s 1
and the Getis-Ord Gi statistic, and to interpret their geomorphic and hydrological significance
in relation to lithology, tectonic structures, and meltwater response.

The novelty of this study lies in three aspects. First, unlike earlier basin-wide
hypsometry in the region, we adopt a pixel-based approach, producing detailed maps that
capture belts and corridors of contrasting geomorphic state. Second, we integrate spatial
statistics (Moran’s 1, Gi) to assess clustering, an approach rarely applied in the Upper Indus
context. Third, we explicitly link hypsometric belts to both lithology and active structures
(Main Karakoram Thrust, Main Mantle Thrust, Karakoram Fault), and extend the
interpretation to hydrological response and hazard management. Together, these
contributions provide a reproducible and computational framework that advances hypsometry
from descriptive indices to a decision-support tool for data-scarce mountain basins.

The present study first applies hypsometry as an organising lens to characterise
youthful, mature, and old landscape patches [25][27][26] The study then relates hypsometric
hot spots and cold spots to mapped structures, lithology, and storage zones within Hunza and
Shyok. This provides the basis for modelling sections, where standard hydrological tools
translate geomorphic signals into seasonal discharge and planning-relevant timing for the
Upper Indus Basin [28][29][11].

Material and Methods:
Upper Indus River Basin:

The Indus is one of Asia’s great rivers, originating in Tibet and flowing through India
and Pakistan, with minor stretches in China and Afghanistan, before emptying into the
Arabian Sea. The stretch from the headwaters to Tarbela is defined as the Upper Indus Basin
(UIB). The river’s main stem spans approximately 2,880 kilometres, draining nearly 912,000
square kilometres. Within this system, the operational UIB covers about 1,150 kilometres in
length and roughly 165,400 square kilometres in area, aligning with regional hydrological
delineations [30]. Click or tap here to enter text. Observation networks report fourteen high-
elevation meteorological stations, nine lower-elevation weather stations, eleven hydrological
stations, and up to eleven outflow stations that serve sub-basins such as Hunza, Shyok, Gilgit,
Shigar, Astore, Zanskar, and Shingo, with a concentration in the northwestern sector [31].
Gilgit-Baltistan exhibits sharp climatic and relief gradients. Monsoonal influence diminishes
toward the inner Karakoram and Hindukush, producing arid valley floors and cold high ridges.
While valleys such as Astore, Khaplu, Yasin, Hunza, and Nagar remain cool during summer,
areas like Gilgit and Chilas experience hot days with mild nights. Winters are widely subzero
with summer maxima locally above forty degrees Celsius [16][22].

The geological framework spans the collision between the Eurasian plate and the Indo-
Pakistan plate. The Karakoram terrane, the Kohistan Island arc, and the Indian margin meet
along major structures, notably the Main Karakoram Thrust and the Main Mantle Thrust. The
Shyok drainage encompasses portions of the Karakoram—Himalayan crystalline and thrust
belts, as well as the Indus and Shyok suture zones. The region comprises marbles,
amphibolites, gneisses, and metasediments, together with plutonic units of Ladakh and
ophiolitic mélanges distributed along the suture strands. This structural grain governs valley
orientation, relief, and slope instability in Hunza and Shyok. The present study centers on the
Hunza and Shyok subcatchments because both contribute substantially to the Indus at their
confluence, and any shift in the magnitude or timing of their flows influences water allocation,
hydropower operation, and hazard exposure downstream. The Hunza is characterized by very
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high relief, extensive glacier cover, and a complex litho-tectonic framework. The Shyok drains
a large part of the Karakoram batholith and the suture zone and shows pronounced
heterogeneity in glacier response across tributaries, which makes the pair a useful natural
laboratory for basin comparison and for linking landscape metrics to hydrology [32][33][34](6].
The Hunza and Shyok basins form the focus of this study (Figure 4), which shows their
location, main rivers, meteorological stations, and major tectonic structures critical for
understanding basin form.

0 250 500 1,000 Km
J
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Figure 3. Location of the study area within the Upper Indus Basin. The map shows the
Hunza and Shyok sub-basins outlined in red, which together form an important headwater
region draining into the Indus River. The Hunza Basin lies in the western Karakoram,
bounded by high peaks and extensive glaciers, while the Shyok Basin extends eastward
across crystalline batholiths and suture zones. The inset map of Pakistan highlights the
position of Gilgit-Baltistan and the adjoining northern ranges where the study area is located.

Data Sources:

Terrain data were derived from the Shuttle Radar Topography Mission (~30 m
resolution), reprojected to a common coordinate system, clipped to the Shyok-Hunza frame,
and checked for voids. The dataset was retained at native resolution to preserve benches,
scarps, and narrow valley floors in the hypsometric curves. Sub catchments were delineated
hydrologically from this model and then adjusted against high-resolution satellite basemaps to
avoid splits across hanging valleys and glacier tongues, producing the same 31 units used
throughout the results. Structural and lithological context drew on published mapping of the
Main Karakoram Thrust, the Main Mantle Thrust, and the regional Karakoram Fault, together
with one to fifty thousand lithology for the Hunza-Shyok sector, used for interpretation and
the lithology against hypsometry comparison rather than to condition the elevation model
[32].

River center lines were extracted from the conditioned model to match sub catchment
boundaries, satellite imagery supported visual checks of valley confinement and confluences,
and hydro meteorological station records informed seasonal context without entering the
hypsometry computations, which rely solely on terrain.

A thirty-meter Shuttle Radar Topography Mission digital elevation model served as
the topographic base. The raster was projected to a common coordinate system, clipped to
the study frame, and kept at native resolution for morphometric work. Voids, if present, were
filled using a conservative interpolation approach. Small gaps were corrected through bilinear
resampling, while larger gaps were addressed using spline interpolation. This ensured that
genuine benches and scarps were preserved while maintaining continuity of the DEM surface.
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Published vectors of the Main Karakoram Thrust, the Main Mantle Thrust, and the regional
Karakoram Fault, combined with 1:50,000-scale lithological mapping, supplied the structural
and lithological context for interpretation and for comparing lithology with hypsometry [32].
Click or tap here to enter text.

Hydrological Conditioning and Sub-Catchments:

Sink filling, D8 flow direction, and flow accumulation were generated from the DEM.
Applying a uniform accumulation threshold yielded a drainage network that preserves valley
confinement in high-relief terrain. Sub-catchments were delineated at major confluences,
resulting in 31 units encompassing the Shyok and Hunza headwaters. Catchment boundaries
were cross-verified with river maps and satellite basemaps to prevent artificial divisions across
hanging valleys or glacier tongues. The identifiers, numbered 1 to 31, correspond directly to
those used in the results figures. 2.3 Hypsometric workflow

Hypsometry describes the distribution of basin area with elevation and is typically
represented by the hypsometric curve and the hypsometric integral [35][21][23][27]. Click or
tap here to enter text. For each unit, elevations were normalized to relative elevation (4/H)
and cumulative relative area (a/A), where H = z<sub>max</sub> — z<sub>min</sub>, /
= z — z<sub>min</sub>, A4 is the total area, and a represents the area above elevation 3.
The curve is the locus of an over A against h over H. The integral was computed in two
equivalent ways for cross-check. First, the hypsometric integral was obtained through
numerical integration of the curve using the trapezoidal rule. Second, it was calculated in its
compact form.

E—Enin
Al = Emax—Emin @

Where ETs the mean elevation, E, ;,is minimum, and E,, is the maximum elevation

of the basin.

Moran’s I equation

~ Z_ijij(xi—x)(xj—x)

=% = Sew ©

Where
7 = number of features
x7 = value at location i
x = mean of all values
wij = spatial weight between features i and
Where: N= number of features, X;= value at location i, X= mean of all values, w;;=

spatial weight between iand j, and W = E Z Wij.
(=~
L

Getis-Ord Gi* equation
Z WijXj— XZ wU
G =

| j Z Vij (Z Wu)z

Where:

x7 = value at location i

»/ = value at location j

wij = spatial weight between 1 and j
7 = number of features

\bar{X} = mean of all values

S = standard deviation of all x
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with z"\bar zz~ as the mean elevation of the unit. An agreement within £0.01 was
required, and larger discrepancies prompted a sampling check of the curve points. For
mapping and for direct comparison with the results, the integral was binned into three classes
that mirror the curve family and erosional stage observed in active mountain belts. Class I,
representing a convex youthful form, is defined by an HI > 0.50. Class II, with an S-shaped
intermediate form, corresponds to HI values between 0.30 and 0.50. Class III, indicating a
concave mature form, is characterized by HI < 0.37. These thresholds reflect the spread found
in this terrain and match the class legend used later. Figure 5 illustrates the hypsometry
concept, showing how convex curves indicate youthful relief, S-shaped curves reflect
intermediate stages, and concave curves represent mature landscapes.
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Figure 4. Hypsometry concept. Relative area and elevation curves and the integral. Convex
curves with high values indicate youthful relief. S-shaped curves indicate intermediate
balance. Concave curves with low values indicate mature to old landscapes.

Scale Testing and Spatial Statistics:

To test whether the mapped belts arise from inherent terrain features rather than unit
scale, grids of 1-4 km were overlaid on the same area, and the hypsometric integral was
recalculated for each tile using the 30 m elevation model. Skewness and kurtosis were
calculated as curve moments to capture asymmetry and peakedness, complementing the visual
classification of convex, S-shaped, and concave forms. Spatial patterns were further examined
using Global Moran’s I to test for clustering of the hypsometric integral, and the Getis-Ord
Gi statistic to identify significant hot and cold belts. The parameters and tile sizes were kept
consistent with those used in the distribution and moment plots, ensuring that the statistics
correspond directly to the figures.

Lithology Linkage:

Lithology was simplified to seven strength classes that reflect dominant rock types
reported in the map legends, from softer sedimentary packages to harder crystalline and
intrusive bodies (Table 1). Each 1 km tile was assigned a lithology only if a single class occupied
at least 90% of its area, thereby minimizing mixed signals. For these tiles, the mean
hypsometric integral and its standard deviation were calculated for each class. The scatter plot
presented later summarizes this relationship and supports the discussion on the combined
influence of structure, rock strength, and relief [20][22].

Table 1. Lithology classes with representative rock types and strength category used for
comparison with hypsometry

T
50 150

Class Dominant Rock Types Strength Category
1 Shale, claystone, marl Very weak
11 Sandstone, siltstone Weak
IIT | Limestone, dolomite, matble Moderate
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IV | Metasediments (phyllite, schist) Moderately strong
V | Amphibolite, gneiss Strong

VI | Granitic and other plutonic intrusives Very strong

VII | Ophiolite, serpentinite, and volcanic units | Variable but strong

Quality Control:

No smoothing beyond sink filling was applied before hypsometry so that genuine
benches and scarps remain visible in the curves. Visual checks against hill shade ensured that
kinks in curves reflect terrain rather than striping or filling artefacts. Sub catchment identifiers
remained fixed from data preparation through to plotting to prevent mismatches between text
and plates. The integral from the compact form and from curve integration matched within
tolerance across units. Stability of the belts across tile sizes was confirmed. Only belt width
changes were noted with aggregation, which is expected when the grid size increases. The
analytical workflow is summarized in Figure 6, which outlines the DEM processing,
hypsometric analysis, and spatial statistics steps.

Load DEM (GLO-DEM 30m & SRTM 90m)

v

Compute Iypsometric Integral
(1km, 2km. 3km)

v

HI rasters

PN

Moran's | Getis-Ord Gi*
(Glaobal spatial autocorrelation) (Hotspot analysis)

Summarize Spatial Statistics
(Moran’s I, Hotspots, HI patterns)

v

Comparison with Earthquake
and Faults data

Figure 5. Flowchart of the methodology
Result and Discussion:
Results:

Hypsometric analysis of 31 sub-catchments in the Shyok and Hunza sector identifies
three dominant curve families, each indicative of distinct stages of erosion. Convex curves
with high hypsometric integrals dominate in 24 units, specifically 1-2, 4-6, 8-9, 12-15, and 17-
29. These units retain large proportions of area at higher relative elevation and display strongly
incised networks, indicating a youthful to actively rising terrain. Concave curves with lower
integrals occur in 3, 7, 10-11, 16, and 30-31. These units present broader floors, gentler
hillslopes, and more uniform drainage spacing, consistent with mature surfaces and enhanced
storage. S-shaped curves mark transitional belts that sit between the two end members. Curve
statistics support this reading. Positive skewness predominates in areas where uplift and
incision are active, whereas occasional negative skewness reflects older-stage topography
shaped by prolonged degradation. Spatial organization of the hypsometric signal is
pronounced. High integral belts trace the mapped structural grain of the Main Karakoram
Thrust and the Main Mantle Thrust and align with the regional trace of the Karakoram Fault,
particularly along the northern and central tracts of Shyok and the eastern tracts of Hunza.
Lower integral corridors occupy the northwestern and south-southeastern margins and follow
wider valley floors downstream of major confluences. Global Moran’s 1 confirm highly
significant clustering of the hypsometric integral across all tested grid scales, while mean values
remained below one half, demonstrating that the belt—corridor contrast is intrinsic to the
terrain.

Lithology provides an important secondary control. A simplified seven-class scheme
shows that harder crystalline and intrusive units tend to host higher mean integrals, whereas
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softer sedimentary packages report lower means. The variance within each class is large, which
indicates that rock strength alone does not govern the response; alignment with thrusts and
shear zones enhances the effect in particular sub-basins. The combined pattern suggests joint
control by structure, rock type, and relief.

Three figure plates carry the core signal from form to statistics to distribution. The
panel of representative hypsometric curves shows convex, S-shaped, and concave forms for
selected sub-basins and anchors the visual interpretation. The statistical moments consolidate
this reading by placing each basin in a skewness-kurtosis field. The distribution plots of the
integral across analysis tiles demonstrate stability of the signal across scale and show clear
separation between high and low belts. Representative hypsometric curves are shown in Figure
7 to demonstrate how basin shape corresponds with HI values. Statistical moments are
summarised in Figure 8, while Figure 9 presents HI distributions across scales.
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Figure 6. Diagram showing hypsometric

curves for sub-basins 1-4 of order 5
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Figure 7. Statistical moments of hypsometric curves for basins 1-31. Positive skewness
clusters along uplift-controlled belts; occasional negative skewness marks older stage
surfaces.
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Figure 8. Distributions of the hypsometric integral computed from a thirty metre DEM for
one-, two-, three- and four-kilometre tiles. Means remain below one-half with consistent
separation between high and low belts across scales.

For completeness and for direct use in screening and planning, a single map plate is
added that shades the hypsometric classes across all numbered sub-basins. A second map
overlays the hot integral belt on the main structures to make the structural alignment explicit.
A compact scatter plate then summarizes the relation between lithologic class and mean
integral with standard deviation bars. The relationship between lithology and HI is
summarized in Figure 10, where harder crystalline units tend to have higher HI compared to

softer sedimentary packages.
a b
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Figure 9. Figure 4.39. (a) Diagram showing the procedure for the selection of valid and
invalid cells for the lithological analysis. (b) Mean HIVs extracted from 30 m DEM with an
analysis grid of 1 km for each lithologic group (as shown in Table 1). The size of the error
bar shows the standard deviation for the mean HI for each lithology class. Modified from
Mahmood and Gloaguen, 2011.
Discussion:

The clustering of high integrals along the Main Karakoram Thrust, Main Mantle
Thrust, and Karakoram Fault suggests that hypsometry is capturing zones of active uplift
where neotectonic processes maintain steepened channel networks and elevated surfaces. This
supports the interpretation that structural control, rather than lithology alone, governs basin
form in these headwaters. Such alignment has also been noted in other active mountain belts,
where hypsometric indices serve as reliable indicators of differential uplift and incision, e.g.,
[36]{20]. In hydrological terms, these belts represent fast-response zones where snow and
glacier melt are quickly transmitted to the main Indus River, increasing flood peaks.
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Conversely, low-HI corridors indicate storage zones that delay runoff and may buffer peak
discharges. This interpretive contrast goes beyond descriptive alignment and shows how
geomorphology translates into hydrological behavior. Lower integral corridors step onto wider
floors and recent valley fills that function as temporary storage for snowmelt and fine
sediment. This staging accords with classic treatments where the hypsometric curve and
integral act as indicators of erosional maturity and relief organization, and where convex forms
with high integrals signal youthful or actively rising terrain, S shaped forms signal equilibrium
like conditions, and concave forms with low integrals signal mature to old landscapes
[18][21][23][27].

Comparative evidence from regional and global studies strengthens this reading. Work
in the western Himalaya and Karakoram reports that high integrals frequently cluster along
active structures and over resistant units, while mature basins over softer packages trend
toward lower integrals and concave curves; the present lithology against integral relation is
consistent with this composite control, even with large scatter in unit response [20][22]. Studies
that tested scale effects of hypsometry found stability against practical variations in digital
elevation model resolution but continued sensitivity to relief breaks and drainage organization.
The present distributions across one-to-four-kilometer tiles and the significant clustering
statistics agree with that pattern and add basin-specific confirmation for the Upper Indus
sector [36][20].

The hydrological reading follows naturally. High integral belts contain steep gradients,
narrow contributing hillslopes, and short travel paths, which favor fast translation of snow
and ice melt and amplify seasonal peaks, a trait widely reported for glacierized Karakoram sub-
basins. Low-integral corridors have broad floors and storage zones that attenuate peaks and
shift timing. This contrast is compatible with observed variability across the Hindukush-
Karakoram-Himalaya and with the Karakoram anomaly, where discharge alone cannot
diagnose glacier health and trend and where basin form and elevation distribution provide
needed context for melt-driven regimes[32][11]. The belt map, therefore, offers a practical
screening layer for route optimization, siting of assets, and early warning, while also providing
a reproducible, computer-based indicator that fits the scope of the International Journal of
Innovations in Science and Technology.

Methodological robustness is central to journal standards. The integral definition
follows a simple normalized form, the curve families match standard geomorphic reading, and
the tile-based evaluation avoids bias from irregular basin size. Stability of the belts across tile
sizes and strong spatial autocorrelation at conventional confidence underscore that the signal
is intrinsic to the terrain and not a product of processing. The scatter within lithologic classes
is expected in a high-relief, glacier-influenced setting, where local uplift rate, debris cover,
aspect, and valley confinement interact with rock strength. This scatter does not weaken the
main inferences; rather, it identifies candidate reaches where field checks, geodetic rates, or
borehole records would add value.

Finally, the approach remains compatible with the hydrological modelling sections
planned for the full thesis. Hypsometric classes can be translated into prior information for
parameter zoning in degree-day or energy balance frameworks, and into rule-based masks for
routing calibration. Such integration is particularly useful where station networks are sparse
and where the melt season contains most of the variance, as established for Hunza and Shyok.
Conclusion:

This article used hypsometry to read the Hunza and Shyok headwaters in a way that
links elevation distribution, structure, and glacier cover to runoff pathways and hazards in the
Upper Indus Basin. Three consistent outcomes emerge. First, belts with high hypsometric
integrals and convex curves align with the Main Karakoram Thrust, the Main Mantle Thrust,
and the regional Karakoram Fault, which indicates youthful to actively rising terrain with
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steepened channel networks and rapid conveyance. Second, corridors with low integrals and
concave curves occupy wider floors and recent valley fills and function as storage reaches that
delay and attenuate meltwater. Third, these contrasts are not artefacts of processing. Curve
statistics, significant spatial clustering, and stability across one-to-four-kilometer tiles confirm
that the signal is intrinsic to the terrain. The computational workflow is simple and
reproducible within a geographic information system. A thirty-meter elevation model,
standard curve construction, integral estimation, and scale testing through tiles provide a
transparent pipeline that is suited to data-sparse mountain basins. The lithology comparison
shows that harder crystalline and intrusive units tend to retain higher integrals, yet the wide
variance across classes points to joint control by structure, rock strength, and relief. In a high
mountain setting where glacier debris, aspect, and confinement also matter, this behavior is
expected and helps to identify corridors where targeted field checks and geodetic rates would
add value.

The findings have direct practical meaning for Pakistan. High integral belts identify
zones where seasonal snow and ice melt translate quickly to the river, which is relevant for
flood preparedness, route planning, and the siting of critical infrastructure along the
Karakoram Highway. Low integral corridors indicate places where storage and delay are likely,
which is relevant for allocation decisions and for the placement of small reservoirs and
protection works. Because the method is computational and relies on terrain alone, it aligns
with the aims and scope of IJIST, where computer-based algorithms are used to generate
scientific evidence that can support decision-making.

Important limits remain that a thirty-meter grid cannot resolve narrow benches or
small moraine dams. Debris cover and short-term glacier surges are not represented explicitly.
Lithology was simplified to seven classes to maintain coverage at the study scale. These limits
suggest clear priorities for future work. Higher resolution elevation data, denser station
networks, and integration with geodetic uplift and deformation will sharpen attribution.
Companion papers can extend the same framework to drainage density, isobase levels, relative
relief, and stream length gradients for a fuller structural reading. In summary, hypsometry
offers a cost-effective and defensible first-order diagnosis of landscape state in the Shyok and
Hunza basins. The belts and corridors identified here capture how structure, rock strength,
and relief organize runoff and hazards in the Upper Indus. The maps and statistics are ready
to be used as screening layers for planning and as priors in melt-driven hydrological models.
This integrated, computetr-based approach fits the IJIST emphasis on innovation in science
and technology and provides basin-specific evidence that is immediately useful for water,
energy, and risk management in Pakistan.
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