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The study pres ents a new, ac cu rate map of the dis tri bu tion of loess patches in east ern Po land, de vel oped on the ba sis of
pub li ca tions, geo log i cal maps and a high-res o lu tion (1 m) dig i tal ter rain model (DTM). Sev enty-two lobes were mapped, for
the sur faces of which ba sic morphometric char ac ter is tics (mean height, lo cal re lief, slope, slope range) were cal cu lated
based on the DTM. The mor phol ogy of the patches was por trayed via geomorphons-geomorphometric fea tures rep re sent ing 
10 ba sic landform el e ments. A map of the geomorphons and their morphometric fea tures were used to an a lyse the sim i lar ity
of the patches’ mor phol ogy us ing Kend all’s Tau cor re la tion and hi er ar chi cal clus ter ing, rep re sented by a dendrogram and
heat map. As a re sult, 3 groups of patches with dif fer ent morphometric fea tures were dis tin guished. The re sults ob tained
char ac ter ize in de tail the mor pho log i cal dif fer en ti a tion of loess cov ers of east ern Po land and will form the ba sis for fur ther
stud ies de ter min ing the evo lu tion of loess cover re lief.
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INTRODUCTION

The dis tri bu tion of loess cov ers has been much stud ied,
start ing with maps cov er ing in di vid ual re gions of Po land (Mo -
skal - del Hoyo, 2021), in clud ing the Lublin Up land (Maruszczak, 
1961, 1963; Dolecki et al., 2004), the en tire area of Po land
(Maruszczak, 1987, 1991, 1995, 2001; Jersak et al., 1992), of
Eu rope (Haase et al., 2007; Lehmkuhl et al., 2021), of some
Eu ro pean re gions (Lindner et al., 2017; Lehmkuhl et al., 2018)
and of the world (Pécsi, 1990; Li et al., 2020a). The most de -
tailed in for ma tion on the dis tri bu tion of loess cov ers can be
found on geo log i cal maps (De tailed Geo log i cal Map of Po land
1:50,000) where, us ing lithological cri te ria, the fol low ing are dis -
tin guished: loess, sandy loess, loamy loess, sandy loam, sandy 
loam and val ley loess on river ter races. Geo log i cal maps at
smaller scales (1:300,000) dis tin guish only 2 cat e go ries: loess
and sandy loess, while at the over view scale (1:500,000) there
are also  2 cat e go ries: loess and loess-like sed i ments (Marks et 
al., 2006). Loess cover is also dis tin guished on geomorpholo -
gical maps. In the study area, these are the Lublin sheet of the
Over view Geomorphological Map of Po land at 1:500,000 scale

(Gilewska et al., 1980). So far, the only study that dis tin guishes
sets of re lief forms within loess patches is the map Le re lief des
ter rains de loess sur le Pla teau de Lublin by Maruszczak
(1961), on which he dis tin guished 3 sets of re lief forms: high
lev els, slopes and river ter races. 

Com pre hen sive stud ies of the re lief of loess ar eas in the
Lublin Up land were car ried out at over view scales al low ing a
gen eral char ac ter iza tion of the mor phol ogy of the loess patches 
(Maruszczak, 1961, 1991) and the rec og ni tion of a set of forms
char ac ter is tic of loess ar eas (Maruszczak, 1958; Kêsik, 1960).
De tailed stud ies of loess re lief have most of ten con cerned the
den sity of seminatural gul lies (e.g., Buraczyñski, 1972, 1977;
Maruszczak, 1973; Józefaciuk and Józefaciuk, 1992; Gawry -
siak and Harasimiuk, 2012), and of road gul lies (Józefaciuk and 
Józefaciuk, 1992; Ko³odyñska-Gawrysiak et al., 2011). Stud ies
have also been car ried out on the gen e sis, morphometry, dis tri -
bu tion and evo lu tion of closed de pres sions (Maruszczak, 1954;
Ko³odyñska-Gawrysiak and Chabudziñski, 2012, 2014; Ko³o -
dyñ ska -Gawrysiak and Poesen, 2017; Ko³odyñska-Gawrysiak
et al., 2018, 2019; Ko³odyñska-Gawrysiak, 2019a) and the role
of pip ing in the de vel op ment of the re lief of loess ar eas (e.g.,
Gardziel and Rodzik, 2005; Rodzik, 2008). In south west ern Po -
land, stud ies of loess re lief have been car ried out only on the
G³ubczycka Pla teau (Jary, 1991; Jary and Kida, 2002), in the
Opole re gion (Kida, 1996), and the Trzebnickie Hills and
Niemczañskie Hills (Jary and Kida, 2002). In other re gions of
the world, geomorphometric stud ies of loess re lief have been
con ducted mainly in China (e.g., Xiong et al., 2014, 2018; Du et
al., 2019; Ding et al., 2021; Wei et al., 2021), and, less fre -
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quently, with the use of GIS tech niques, in Eu rope (e.g., Popov
et al., 2012).

The use of GIS and dig i tal en vi ron men tal data has cre ated
new op por tu ni ties to study land forms quan ti ta tively, in clud ing
the de vel op ment of meth ods for clas si fy ing loess land forms
(Xiong et al., 2018; Du et al., 2019), the anal y sis of ex trac tion
de riv a tives from Dig i tal Ter rain Mod els (DTMs) of loess land -
forms (Fang et al., 2008; Hu et al., 2020) and of geomorphic
pro cesses (Cao et al., 2013; Xiong et al., 2014; Feng et al.,
2020), and the cre ation of in di ces (Pike and Wil son, 1971; Jiang 
et al., 2021; Yuan et al., 2020). Cur rently, clas si fi ca tion meth -
ods can be di vided into 2 groups based on the clas si fi ca tion of
cells and, now be com ing more pop u lar, ob jects (Xiong et al.,
2018; Ding et al., 2021; Wei et al., 2021; Yuan et al., 2022) via
ob ject-ori ented im age anal y sis and deep learn ing for land form
ex trac tion and group ings (Li et al., 2020b).

This study ac cu rately maps the dis tri bu tion of loess patches 
on the Lublin Up land and, quan ti ta tively and geomorpho me -
trically, char ac ter izes the patches us ing GIS tech nol ogy. Based 
on these char ac ter is tics, an elab o rate typology of patches is
con structed, dis tin guish ing the main types with their unique re -
lief pa ram e ters. Then, the spa tial ar range ment of the patches of 
each type is an a lysed to iden tify the main fac tors de ter min ing
their sit u a tion.

MATERIALS AND METHODS

The study was based on the geomorphological maps de vel -
oped by Maruszczak (1961, 1963), with con straints from sheets
of the De tailed Geo log i cal Map of Po land at 1:50,000, and a dig i -
tal ter rain model (DTM) with a res o lu tion of 1 x 1 m and its de riv a -
tive: a shaded re lief map, for vi sual anal y sis and in ter pre ta tion.
Check ing and cor rec tion of the bound aries of patches dis tin -
guished in ear lier stud ies took place. More sig nif i cant chan ges
aris ing from Maruszczak’s maps con cerned only the neigh bour -
hood of the lower Huczwa Val ley, where a num ber of small, iso -
lated patches were newly dis tin guished. For this area we used
the map ping of Dolecki et al. (2004) and Dolecki (1999, 2010)
and dis cussed the patch bound aries with geomorpho logists wor -
k ing in this area. For the 72 patches re cog nized (Fig. 1), a map of 
geomorphons-geomorphometric ob jects mapped us ing 10 main
top o graphic el e ments: flat, sum mit, ridge, shoul der, spur, slope,
hol low, footslope, val ley and de pres sion – was gen er ated on the
ba sis of a 1 x 1 m DTM (Jasiewicz and Stepinski, 2013). Morpho -
metric char ac ter is tics in clud ing area, av er age el e va tion (m a.s.l.), 
lo cal re lief within the patch (m), av er age slope (in de grees),
range of slopes (in de grees) and pro por tions of each geo -
morphon type were cal cu lated for the patches stud ied. The de -
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Fig. 1. Dis tri bu tion of loess patches (num bered from 1–72) against the back ground of mesoregion bound aries 
(af ter Gawrysiak and Kociuba, 2023, mod i fied and com pleted) ac cord ing to the phys i cal geo graph ical di vi sions of Solon (2018)
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tailed char ac ter is tics of four morphometric pa ram e ters (mean
height, lo cal re lief, mean slope and slope range) and the dis tri bu -
tions of their val ues were sum ma rized in charts. For each patch,
the pro por tion of area of each of the ten types of geomorphon
was cal cu lated, which, to gether with the four morphometric pa -
ram e ters, were used as 14 vari ables for cal cu lat ing the Kend all’s
Tau cor re la tion ma trix (Kend all, 1948) be tween all patches. The
dis tri bu tion of cor re la tions and clus ter ing was vi su al ized in the
form of a dendrogram (Ward me thod) and heat map. A sim i lar ity
anal y sis of the re lief of the patches was car ried out, which made
it pos si ble to dis tin guish three groups of patches with sim i lar
morphometric fea tures (Fig. 2). Ba sic sta tis tics of cor re la tion be -
tween the patches were used to char ac ter ize the vari a tion of sim -
i lar ity within the groups dis tin guished. In or der to vi su al ize the
vari a tion in re lief of in di vid ual patches, sam ple geomorphon
maps were com piled.

RESULTS

Loess cov ers 3,384 km2 of the Lublin Up land, which is
29.96% of its area. It forms iso lated patches, usu ally clearly dis -
tin guish able in the re lief, and in some in stances cov er ing al -

most en tire mesoregions (Fig. 1). In the study area, 72 loess
patches were mapped (Fig. 1–4). The av er age size of a patch is 
47 km2, though the larg est (Grabowiec Interfluve – Horod³o
Ridge) reaches 611.4 km2 (Ta bles 1 and 2). The dis tri bu tion of
val ues of the lo cal re lief of in di vid ual patches is nearly 150 m,
with the av er age height of all patches be ing 238.8 m a.s.l. (Fig.
5). Sim i larly, the lo cal re lief within the patches var ies strongly
and reaches a max i mum of 148.8 m, with an av er age of 72.7 m. 
Av er age slopes within in di vid ual lobes range from 2.24 to
15.95°, with an av er age for all lobes of 4.44°. The pro por tion of
in di vid ual geomorphon types within the patches var ies greatly
(Ta ble 3 and Figs. 3, 4). The larg est ar eas are oc cu pied by
slopes, the pro por tion of which in the patches ranges from
19.04 to 65.48%, with a to tal of 43.38%. The sec ond type in
terms of area pro por tion is the spur geomorphon, which oc cu -
pies a to tal of 18.25% of the area of all patches, and within in di -
vid ual patches var ies from 3.99 to 36.42%. The val ley pro por -
tion (7.67% of the patches’ area) ranges from 1.05–12.43%.
Hol low and ridge el e ments have a sim i lar to tal pro por tion of the
patch area (9.44 and 8.53%, re spec tively) and slightly dif fer ent
ranges of val ues within in di vid ual patches, 2.55–15.84% and
2.09–22.73%, re spec tively. Flat el e ments, at 4.76% of the
patches’ area have a large scat ter among in di vid ual patches
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Fig. 2. Loess patches clas si fied into groups on the ba sis of geomorphon pro por tions 
and se lected morphometric fea tures

Small boxes (1_1, 1_2, etc.) in di cate the lo ca tion of sam ple geomorphon maps show ing dif fer ent types of sur face shown on Fig ure 6 
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T a  b l e  1

De tailed morphometric char ac ter is tics of the loess patches stud ied

1 2
Share of geomorphons Morphometric pa ram e ters

3 4 5 6 7 8 9 10 11 12 13 14 15 16

1      5.93  0.11 1.15 22.73 0.23 30.57 26.76 7.39 0.27 8.47 2.31 183.5 93.6 13.0 73.2

2    19.51  0.03 1.01 20.79 0.62 28.93 28.38 8.91 0.23 9.09 2.01 189.7 96.8 12.2 80.4

3     0.35  0.00 0.99 18.17 0.00 32.67 38.96 5.58 0.00 3.60 0.03 167.9 52.0 11.9 57.1

4    15.67  0.47 0.88 15.02 1.60 26.35 36.05 8.96 0.89 8.20 1.59 189.5 74.8 8.4 74.6

5      5.87  0.16 1.24 16.59 0.82 27.71 35.24 8.75 0.47 7.39 1.63 193.1 56.6 9.3 69.6

6    0.98  0.68 1.75 15.07 1.49 25.03 38.08 7.79 1.97 7.47 0.68 188.7 49.8 9.6 59.6

7 222.27  2.27 0.88 12.00 3.04 18.93 38.98 10.02 3.47 9.54 0.86 202.8 111.2 5.6 78.4

8 131.11  2.95 0.87 9.40 4.22 15.94 41.17 10.87 4.71 9.42 0.48 212.1 86.1 3.9 78.8

9     1.27 14.05 0.83 9.89 8.05 11.58 30.77 5.92 11.48 7.33 0.11 225.5 15.3 2.9 49.3

10   17.96  2.11 0.66 9.57 3.89 17.54 42.30 10.82 3.68 8.97 0.46 224.6 67.3 4.3 77.0

11   21.97  2.47 1.16 10.54 3.98 16.84 37.85 12.08 3.55 11.01 0.52 209.6 66.5 4.7 76.8

12     5.03  6.49 0.84 7.51 5.43 15.59 41.26 9.96 5.13 7.37 0.40 199.9 52.1 4.0 62.3

13    4.89 11.08 0.56 8.16 3.97 15.96 44.52 7.50 3.33 4.08 0.83 188.6 41.7 4.9 71.5

14    1.26  6.09 0.21 3.23 7.40 9.60 65.48 3.57 3.36 1.05 0.03 174.5 27.9 2.9 37.1

15    1.73  4.35 0.78 7.24 6.00 17.53 49.72 6.37 3.46 3.95 0.62 202.8 43.3 4.9 62.7

16    6.82 13.36 0.18 3.23 9.30 7.71 49.20 5.63 7.76 3.31 0.30 202.5 49.7 2.4 58.1

17 20.79  9.41 0.55 12.40 6.40 16.95 36.98 6.07 3.90 5.88 1.45 201.9 106.7 6.8 79.9

18    4.57  5.37 0.42 10.65 5.16 16.92 42.83 7.20 3.92 6.70 0.82 200.8 79.3 5.4 68.9

19  58.50  5.22 0.42 8.12 5.71 16.01 47.55 6.53 3.55 5.81 1.07 215.9 94.6 4.7 73.9

20    8.46  2.49 0.29 7.07 4.21 18.06 49.13 7.66 2.87 7.51 0.71 235.9 65.6 4.9 73.0

21    1.84  2.21 0.44 6.32 3.24 16.09 57.98 7.61 1.89 4.06 0.16 224.4 36.8 4.3 68.0

22    0.34  0.14 2.58 17.87 0.01 10.74 46.26 10.29 1.84 10.01 0.26 200.6 55.5 8.7 55.0

23    0.63  0.02 1.07 14.50 0.90 21.68 35.89 11.17 0.41 12.43 1.92 205.9 73.2 10.4 58.9

24 119.36  3.32 0.44 9.47 4.63 19.47 42.20 8.44 3.57 7.50 0.97 236.7 119.7 5.3 78.1

25    1.88  3.93 0.22 7.87 5.26 17.75 45.28 8.20 4.02 6.97 0.51 221.8 43.0 4.1 61.6

26   34.25  2.47 0.44 7.26 3.17 18.34 47.81 9.81 2.77 7.43 0.51 257.7 90.7 4.3 69.7

27 447.19  0.35 0.54 9.63 0.71 24.16 44.65 9.86 0.74 8.25 1.12 277.0 130.2 7.7 78.6

28     5.78  2.83 0.58 9.23 3.15 17.50 49.50 8.13 2.43 6.07 0.56 186.8 68.1 6.9 70.9

29 13.46  3.79 0.34 9.13 4.58 18.14 47.24 7.09 3.02 5.67 1.00 242.3 84.6 6.0 68.9

30    3.46  1.65 0.40 9.32 2.35 24.13 45.90 7.93 1.08 6.25 0.99 226.4 62.9 6.9 70.0

31 103.24 12.39 0.39 8.86 3.77 19.08 36.67 7.38 4.12 6.42 0.92 242.8 139.8 7.1 76.1

32     4.05  0.00 0.31 10.98 0.00 27.01 44.69 9.31 0.09 6.36 1.25 268.3 108.2 13.5 71.5

33    5.85  0.00 0.52 13.85 0.02 28.91 40.02 8.50 0.01 6.50 1.67 280.4 121.6 13.9 70.3

34    0.49  0.00 0.46 15.08 0.00 36.42 31.09 9.78 0.00 6.10 1.07 289.1 76.1 12.6 55.4

35    0.15  0.00 0.01 14.67 0.00 30.68 30.91 15.84 1.32 6.50 0.08 261.3 46.5 10.5 59.2

36    2.16  0.00 0.39 15.85 0.00 28.49 35.96 10.13 0.00 7.17 2.03 303.2 109.1 15.9 69.0

37    5.21  0.00 0.45 14.51 0.02 29.15 37.56 8.59 0.01 7.76 1.95 302.9 111.5 14.2 72.3

38    0.97  0.00 0.51 12.40 0.01 21.51 51.59 9.57 0.00 4.26 0.15 314.7 86.1 11.4 65.5

39    0.98  0.00 0.65 12.83 0.00 24.91 39.50 10.69 0.01 10.81 0.58 311.3 76.8 10.2 60.5

40   1.25  0.00 0.33 13.94 0.00 31.78 34.75 7.77 0.00 8.48 2.95 296.2 75.0 14.3 69.9

41    9.82  0.18 0.79 10.17 0.68 23.58 45.79 10.41 0.51 7.23 0.66 298.2 77.8 6.7 65.2

42 294.15  0.88 0.53 8.16 1.20 20.89 47.42 10.73 1.05 8.65 0.47 267.1 149.1 5.6 71.7

43   68.72  1.66 0.59 8.61 1.87 20.26 45.67 10.47 1.65 8.78 0.44 247.7 100.9 5.3 70.7

44   88.47  6.10 0.36 6.26 4.42 16.48 46.11 9.38 3.90 6.78 0.21 255.6 149.0 4.3 73.8

45    8.61  7.36 0.31 4.91 7.54 11.05 49.27 8.10 6.28 5.10 0.09 220.9 32.3 2.8 58.7

46 336.45  5.93 0.35 6.31 6.45 13.81 46.27 9.30 4.68 6.75 0.14 234.2 81.0 3.4 79.2

47   10.00  1.10 0.40 6.98 3.16 16.87 50.85 10.83 1.78 7.81 0.23 233.8 60.9 5.3 56.5

48    2.44  0.16 1.29 10.27 0.32 18.77 42.85 15.44 1.50 9.16 0.22 233.8 47.4 6.6 54.4

49 46.85 20.89 0.22 4.21 10.19 7.67 38.90 5.19 9.37 3.22 0.14 219.0 55.5 2.6 72.0

50   2.24 30.03 0.40 6.59 14.15 7.08 25.28 4.34 9.14 2.84 0.16 202.9 11.0 2.7 46.7

51 75.98 20.47 0.32 4.93 11.95 7.15 34.71 5.04 10.86 4.35 0.21 220.8 61.1 2.5 64.5

52 11.55 22.27 0.24 3.50 10.68 6.17 38.24 4.97 11.66 2.21 0.07 217.4 45.0 2.2 64.0

53    5.32  7.60 0.08 2.09 7.22 8.83 60.88 6.21 5.69 1.36 0.02 229.3 36.3 2.3 55.8

54 39.24 22.86 0.37 4.33 12.27 5.43 31.72 4.94 13.96 3.99 0.14 226.8 43.3 2.2 67.9



rang ing from 0.0 to 48.70%. Shoul der (3.64%) and footslope
(3.19%) el e ments have area pro por tions of in di vid ual patches
in the ranges of 0.0–14.15% (shoul der) and 0.0–14.01% (foot -
slope). The low est, and sim i lar, pro por tions have geomorphons 
lo cated in the low est and high est po si tions – de pres sion el e -

ments (0.58% of the area of the patches) and sum mit el e ments
(0.55% of the area of the patches); their ranges of val ues in in di -
vid ual lobes are also sim i lar (0.02–2.95% and 0.01–2.58%, re -
spec tively).

Three groups of lobes were dis tin guished, hav ing their own
unique char ac ter is tics ex pressed in terms of the dif fer ent pro -
por tion of area and spa tial dis tri bu tion of geomorphons, as well
as of the val ues of in di vid ual morphometric pa ram e ters (Figs.
5–7). Within the patches be long ing to each group, in ter nal dif -
fer en ti a tion and the ex is tence of sub groups of lower rank are
clear (Fig. 3).

Twenty-four patches were in cluded in group 1. In this group
some dif fer ences in re lief can be ob served (Fig. 6: 1_1–1_6) ex -
pressed by the pat tern of geomorphons. This group in cludes
patches hav ing the larg est ar eas on West ern Roztocze and the
Grabowiec Interfluve (Fig. 2). Smaller patches from this group
oc cur on the Na³êczow Pla teau (SW part), West ern Roztocze
(SE part), in the neigh bour hood of the Wieprz River Val ley on
Mid dle Roztocze, and one patch each on East ern Roztocze, the 
Sokal Ridge and the Gie³czew Hills. In to tal, the patches be -
long ing to this group cover 728.5 km2 (21.52% of the area of all
patches). Com pared to the other groups, the patches be long ing 
to group 1 are dis tin guished by the high est av er age el e va tion
(246.94 m a.s.l.) and the high est av er age slope (5.53°; Figs. 5A, 
C and 7). In terms of the pro por tion of area of each geo morphon 
type (Ta ble 3 and Fig. 4), the low est are flat; shoul der and
footslopes, and the high est are sum mit, ridge, hol low, val ley
and de pres sion. Based on this, it can be con cluded that the re -
lief of these patches is char ac ter ized by great va ri ety. There are
al most no flat sur faces here, and sum mits are clearly marked by 
gen tle ridges and their cul mi na tions. There are deeply in cised
broad val leys and de pres sions, and slopes are strongly dis -
sected by smaller val leys. Tak ing into ac count the val ues of cor -
re la tion sta tis tics in this group (Ta ble 4) and the struc ture of the
dendrogram and heat map (Fig. 3A, B), it can be con cluded that 
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Tab. 1 cont.

1 2
Share of geomorphons Morphometric pa ram e ters

3 4 5 6 7 8 9 10 11 12 13 14 15 16

55 20.98 0.78 0.72 8.46 1.30 21.17 45.97 11.17 1.13 8.93 0.38 252.4 81.0 5.2 73.6

56 50.57 1.66 0.69 9.18 2.00 20.46 45.07 10.78 1.22 8.37 0.57 244.1 108.8 5.8 72.1

57   8.43 0.30 0.11 4.85 1.14 16.43 64.75 7.05 0.38 4.58 0.41 228.2 74.6 5.1 61.8

58   9.56 0.97 0.62 8.55 0.82 20.41 51.80 8.83 0.35 7.10 0.55 227.8 93.6 6.4 59.2

59  29.95 1.29 0.59 10.42 1.62 23.21 44.11 9.19 0.88 7.50 1.19 241.6 103.9 7.1 71.8

60  30.74 2.03 0.74 8.59 2.38 18.62 47.61 9.81 2.15 7.28 0.78 232.2 85.6 5.1 67.8

61  19.14 0.68 0.84 10.27 0.87 22.63 44.30 10.69 1.18 7.77 0.78 234.6 92.2 6.5 78.9

62  28.76 1.74 0.55 7.48 2.53 18.73 49.80 10.49 1.97 5.96 0.76 242.4 91.5 5.0 70.8

63 164.60 0.32 0.68 9.10 0.79 21.83 45.34 11.21 0.84 9.37 0.52 246.0 121.9 5.9 73.2

64 611.38 3.18 0.54 8.21 3.31 17.97 45.23 10.41 2.77 8.09 0.30 233.2 129.8 4.5 74.5

65   59.71 29.03 0.42 5.33 10.96 6.80 28.32 4.87 9.66 4.28 0.34 199.6 47.0 2.6 68.0

66    0.61 6.71 1.73 10.98 8.48 14.55 38.45 7.52 4.04 6.49 1.05 188.1 15.9 4.2 68.1

67    3.18 25.05 0.67 6.64 12.45 6.53 29.83 3.97 9.94 4.37 0.54 186.6 19.1 2.7 54.5

68    3.10 32.17 0.57 5.80 13.49 5.65 25.00 3.47 9.63 3.85 0.36 187.6 14.3 2.7 52.8

69   6.52 0.01 1.28 14.70 0.03 24.83 35.65 11.46 0.20 9.73 2.09 278.8 104.2 9.1 59.4

70  25.77 48.70 0.37 4.33 9.47 3.99 19.04 2.55 8.95 2.45 0.15 174.4 26.3 2.3 71.2

71    3.57 27.83 0.63 6.17 13.41 5.34 25.55 3.50 14.01 3.51 0.04 170.2 14.9 2.2 61.4

72   0.76 28.25 0.46 8.24 11.57 8.46 27.48 3.06 9.97 2.48 0.03 174.5 16.7 3.0 50.2

1 – num ber of patch; 2 – area (km2); geomorphon types (3–12): 3 – flat, 4 – sum mit, 5 – ridge, 6 – shoul der, 7 – spur, 8 – slope, 9 –
hol low, 10 – footslope, 11 – val ley, 12 – de pres sion; 13 – mean height (m a.s.l.); 14 – lo cal re lief (m); 15 – mean slope (de gree); 16

– slope range (de gree)

T a  b l e  2

Sum mary morphometric char ac ter is tics of the patches
 in each group

Pa ram e ter
Group

1 2 3 To tal

Num ber of patches 24 36* 12 72

Sum area [km2]

[% of patches’ area]
728.5

(21.52)
2,415.3

(71.37)

240.8

(7.11)

3,384.6

(100.0%)

Mean area 

Min

Max

30.36

0.15

447.19

67.09

0.61

611.38

20.07

0.76

75.98

47.01

0.15

611.38

Mean height [m a.s.l.]

Min

Max

262.96

123.46

358.25

234.78

121.69

353.24

211.78

156.70

254.80

239.42

121.69

358.28

Mean lo cal re lief [m]

Min

Max

83.81

46.53

130.19

79.19

15.95

149.08

31.34

10.96

61.13

72.75

10.96

149.08

Mean slope [°]

Min

Max

7.60

0.00

80.44

4.80

0.00

79.91

2.89

0.00

72.03

5.24

0.00

80.44

Mean slope range [°]

Min

Max

66.40

54.36

80.43

69.33

37.12

79.91

59.39

46.70

72.03

66.69

37.12

80.43

* – max i mum val ues in bold



the patches in this group are char ac ter ized by a mod er ate de -
gree of sim i lar ity, plac ing them be tween groups 2 and 3.

Group 2 in cludes 36 patches, cov er ing a to tal of
2,415.3 km2, which is 71.37% of the to tal area of loess patches
in the study re gion. The patches in this group are the larg est,
with an av er age area of 67.09 km2, the larg est reach ing 611.38
km2. They oc cupy al most all of the Sokal Ridge and the Urzê -
dów Heights, a sig nif i cant part of the Na³êczów Pla teau and
Grabowiec Interfluve, and form sev eral ar eas in the SE part of
the Gie³czew Hills. This group is dis tin guished from the first by a 
sig nif i cantly smaller pro por tion of sum mits and ridges (Fig. 6:
2_1–2_6). Al though, there are ar eas (Fig. 6:  2_1) where re lief
lo cally is sim i lar to that of group 1. These patches are dis tin -
guished by the high est mean lo cal re lief (Ta ble 1 and Fig. 7)
and the high est pro por tion of slope geomorphon sur faces (Ta -
ble 3 and Fig. 4). The pro por tion of flat type geomorphon is
higher here than in group 1. The share of the area of each type
of geomorphon al lows us to con clude that the re lief of the
patches in this group is less var ied than within the patches of
group 1 (Ta ble 3 and Fig. 4). On the tops, there are smaller pro -
por tions of ridge and cul mi na tion sur faces, a larger pro por tion
of flat sur faces, and the slopes are lon ger and more gently slop -
ing. The patches in this group have the low est av er age cor re la -
tion value in the group, which in di cates that they are very dif fer -

en ti ated, as also re flected  by the high est stan dard de vi a tion
(Ta ble 4).

Group 3 in cludes 12 patches with a to tal area of 240.8 km2

which is 7.11% of the area of all patches in the study re gion.
They are lo cated in the Hrubieszow Ba sin, Zamoœæ Ba sin,
Œwidnik Pla teau and on the out skirts of the Na³êczów Pla teau,
Be³¿yce Pla teau, S part of the Gie³czew Hills and in side the
Sokal Ridge. These are the patches with the small est av er age
area (20.07 km2), the small est av er age el e va tion of 211.78 m
a.s.l. and the small est lo cal re lief (31.34 m). The av er age slope
(2.89°) is also the low est here (Ta ble 2 and Fig. 7). This group is 
dis tin guished by the high est pro por tion of flat (av er age
26.00%), shoul der (11.31%) and footslope (10.20%) geomor -
phons (Ta ble 3 and Fig. 4). Within some patches, the pro por tion 
of flat and slope geomorphons reaches 22.48 and 65.48%, re -
spec tively. Thus, the sur face shape of in di vid ual patches in this
group var ies greatly (Fig. 6: 3_1-3_5), but they tend to be quite
flat and less dis sected. This group is the low est in ter nally dif fer -
en ti ated (Fig. 3A, B), as shown by the high est mean, min i mum
and me dian cor re la tion val ues in the set, and the low est stan -
dard de vi a tion (Ta ble 4).

DISCUSSION

The re lief of in di vid ual loess patches in Po land is strongly
dif fer en ti ated, due to lo cal con di tions of loess ac cu mu la tion in
the Pleis to cene (in clud ing the re lief of the sub-loessic sub soil)
and the course of postglacial nat u ral and anthropogenic mor -
pho genetic pro cesses (Maruszczak, 1954, 1958, 1961; Kêsik,
1961; Harasimiuk and Henkiel, 1976, 1978a; Kida, 1996; Ro -
dzik et al., 1998; Ko³odyñska-Gawrysiak and Poesen, 2017;
Ko³odyñska-Gawrysiak et al., 2018). Pre vi ous stud ies of loess
cover re lief in Po land have pri mar ily aimed at un der stand ing the 
gen e sis and evo lu tion of in di vid ual loess re lief forms such as
seminatural and anthropogenic gul lies (Schmitt et al., 2006;
Dotterweich et al., 2012; Superson et al., 2014) and closed de -
pres sions (Maruszczak, 1958; Ko³odyñska-Gawrysiak and
Poesen, 2017; Ko³odyñska-Gawrysiak et al., 2019), as well as
the rates of re lief change due to soil ero sion (Zg³obicki, 2002;
Rodzik et. al., 2005; Rejman and Rafalska-Przysucha, 2015).
The den sity of gully net works has also been stud ied us ing an a -
logue meth ods, based on top o graphic data (Buraczyñski, 1975, 
1977; Maruszczak, 1973; Jary, 1991; Józefaciuk and Józefa -
ciuk, 1992; Jary and Kida, 2002) and dig i tal data (Dobek et al.,
2011; Gawrysiak and Harasimiuk, 2012).

The use of geomorphometric meth ods, based on high-res o -
lu tion el e va tion data (DTM), pro vides new op por tu ni ties, al low -
ing pre cise quan ti ta tive anal y sis of the re lief of loess cov ers, al -
low ing the com par i son of fea tures be tween dif fer ent loess cov -
ers, and mak ing it pos si ble to as sess their spec i fic ity (Jasiewicz
and Stepinski, 2013; Gawrysiak, 2019; Du et al., 2019; Ding et
al., 2021). This will fa cil i tate the un der stand ing of lo cal con di -
tions af fect ing the ac cu mu la tion and mor phol ogy of loess cov -
ers (Harasimiuk and Henkiel, 1976, 1978a; Dolecki, 1978; Ko³o -
dyñska-Gawrysiak, 2019b). Thanks to the use of DTMs and
their de riv a tives, in clud ing geomorphons-geomorphometric
fea tures – the clas si fi ca tion of loess cov ers of the study area
was made based on morphometric pa ram e ters, dis tin guish ing
3 groups of cov ers with com mon re lief fea tures. This is a dif fer -
ent, geomorphometrics-based ap proach from pre vi ous quan ti -
ta tive re lief anal y ses of loess patches (Fang et al., 2008; Hu et
al., 2020; Wei et al., 2021).

Anal y sis of the ar eal pro por tions of each geomorphon type
within the loess patches dis tin guished in the study area, com -
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T a  b l e  3

Sum mary share of geomorphons in the area of patches 
[%] of each group

Geomorphon 
type Value

Group

1 2 3 To tal

Flat

Mean

Min

max

0.15

0.00

0.68

4.58

0.78

22.86

26.00

13.36

48.70

6.67

0.00

48.70

Sum mit

Mean

Min

Max

0.83

0.01

2.58

0.56

0.08

1.73

0.44

0.18

0.83

0.63

0.01

2.58

Ridge

Mean

Min

Max

13.91

4.85

22.73

8.14

2.09

12.40

5.74

3.23

9.89

9.66

2.09

22.73

Shoul der

Mean

Min

Max

0.43

0.00

1.60

4.34

0.82

12.27

11.31

8.05

14.15

4.19

0.00

14.15

Spur

Mean

Min

Max

25.61

10.74

36.42

17.09

5.43

24.13

7.01

3.99

11.58

18.25

3.99

36.42

Slope

Mean

Min

Max

39.79

26.76

64.75

46.02

31.72

65.48

31.03

19.04

49.20

41.44

19.04

65.48

Hol low

Mean

Min

Max

9.80

5.58

15.84

8.65

3.57

12.08

4.38

2.55

5.92

8.43

2.55

15.84

Footslope

Mean

Min

Max

0.54

0.00

1.97

3.37

0.35

13.96

10.20

7.77

14.01

3.56

0.00

14.01

Val ley

Mean

Min

Max

7.78

3.60

12.43

6.68

1.05

11.01

3.68

2.20

7.33

6.55

1.05

12.43

De pres sion

Mean

Min

Max

1.16

0.03

2.95

0.59

0.02

1.45

0.20

0.03

0.54

0.72

0.02

2.95

* – max i mum val ues in bold
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A

B

Fig. 3. Dendrogram (A) and heat map (B) il lus trat ing the for ma tion of sim i lar ity be tween loess patches based on 
the dis tri bu tion of morphometric pa ram e ter val ues and the pro por tion of geomorphon area (num bers on the
left side of the di a gram and on the edges of the heat map in di cate in di vid ual patches, ac cord ing to Fig ure 1;
large num bers 1, 2 and 3 in di cate groups of patches)

Fig. 4. Share of geomorphon ar eas by patch groups



bined with morphometric pa ram e ters, al lowed quan ti ta tive cha -
r a c te r iza tion of their re lief. It was found that each of the patches
has unique char ac ter is tics ex pressed by these pa ram e ters. Us -
ing hi er ar chi cal clus ter ing, they were com bined into groups
char ac ter ized by a cer tain de gree of sim i lar ity, ex pressed by
Kend all’s tau cor re la tion in dex. Thus, large pro por tions of the
area of sum mit, ridge, hol low, val ley and de pres sion geo -
morphons, com bined with high lo cal re lief and high slopes, are
char ac ter is tic of patches with high re lief dy nam ics (Figs. 4–7),
in cluded in group 1. Here, flat ness is al most com pletely ab sent,
the pro por tions of the slope geomorphon are lower than in the
other groups, and the dis sec tion of slopes ex pressed by higher
pro por tions of hol low is marked. The sec ond type of re lief
(group 2) is rep re sented by patches within which flat sur faces
ap pear, slope geomorphon pro por tions are higher and av er age
slopes are lower. Nev er the less, this group is quite sim i lar to
group 1. The third group in cludes patches with the least re lief di -
ver sity, which is re flected in the low est ab so lute and lo cal re lief,
and the low est av er age slopes, which are usu ally ac com pa nied
by a high pro por tion of flat sur faces. At the same time, this

group is char ac ter ized by the great est in ter nal dif fer en ti a tion
(Ta ble 3).

The three groups of loess patches dis tin guished show some 
pat terns in dis tri bu tion. The patches of group 1 are lo cated in ar -
eas with the high est ab so lute heights of the sub- loess to pog ra -
phy. These are the high-el e va tion ar eas of the Lublin Up land,
such as West ern Roztocze, the south west ern part of the Gra -
bowiec Interfluve and the Na³êczów Pla teau, to gether with the
struc tur ally-based mar ginal zones of both re gions. There is also 
usu ally high lo cal re lief. Sig nif i cant land slopes and an el e vated
pro por tion of geomorphons de fin ing cul mi na tions and the bot -
toms of de pres sions (sum mit, ridge, spur, hol low, val ley and de -
pres sion) in the in ner parts of the patches are char ac ter is tic of
these patches. This makes their re lief var ied. By con trast, group 
3 patches are usu ally lo cated in lower-ly ing parts of the re gion
such as the Zamoœæ Ba sin and Hrubieszów Ba sin. They are
char ac ter ized by the low est lo cal re lief and slopes and the high -
est pro por tion of flat, shoul der and footslope geomorphons,
which de fine flat or weakly slop ing sur faces. Group 2, which oc -
cu pies more than 71% of the loess cover area, in cludes pat -
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Fig. 5. Vari a tion of mean height (A), lo cal re lief (B), 
mean slope (C) and slope range (D) val ues by patch groups
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Fig. 6. Ex am ple maps of geomorphons rep re sent ing the re lief types of the 3 groups of patches dis tin guished

Lo ca tion in Fig ure 2



ches with in ter me di ate fea tures. The larg est share of these is
the slope geomorphon. These cov ers have the high est av er age 
and max i mum lo cal re lief. This group is the most sim i lar in ter -
nally, as re flected by the high est av er age cor re la tion be tween
patches. This group in cludes the ex ten sive loess cov ers of the
Na³êczów Pla teau, the Sokal and Horod³o ridges and the Gra -
bowiec Interfluve, as well as sev eral smaller ones.

The pro por tion of geomorphons of each type and their dis -
tri bu tion in sep a rate groups can be in flu enced by the mor phol -
ogy of the sub-loess sur face, as well as the thick ness of the
loess cover. This re la tion ship is clearly leg i ble in the case of
loess patches be long ing to the first group, which in cludes the
area of Szczebrzeszyn Roztocze and the south west ern part of
the Na³eczów Pla teau. In these ar eas, the in flu ence of pri mary
sub-loess re lief, of ten con di tioned by the struc ture of the bed -

rock, on the for ma tion of the loess cover is par tic u larly pro -
nounced (Harasimiuk and Henkiel, 1976, 1978a; W¹growski,
1996; Schmitt et al., 2006). With the thick ness of the loess
cover not ex ceed ing ~10 m, there is a dense net work of deeply
in cised ero sion-de nu da tion val leys in the bed rock, the pres -
ence of which in flu ences the re lief of the sub-loess sur face ex -
ceed ing 100 m (Maruszczak et al., 1984; Po¿aryski et al., 1994;
Gardziel et al., 2006). As a re sult, these ar eas are dis tin guished
by high lo cal re lief, which in flu enced the larg est pro por tion of
geomorphons such as sum mit, ridge, hol low, val ley and de -
pres sion, de fin ing con vex and con cave ar eas. In ad di tion, the
patches in this group are char ac ter ized by a mod er ate de gree
of sim i lar ity in the spa tial pat tern of geomorphons, which may
be due to the lo cal con di tions of the loess cover, re lated to
sub-loess re lief. The patches of group two cover the larg est
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Fig. 7. Vari a tion of mean height, lo cal re lief, mean slope and slope range val ues in in di vid ual patches, 
ar ranged by groups

The dis tance from the cen tre of the ar ray (red dot) to the apex of the poly gon rep re sents the spread of a given vari able
 in re la tion to the range of val ues in the en tire set

https://doi.org/10.1016/j.catena.2006.04.001


area in the re gion and are char ac ter ized by the great est vari a -
tion in re lief. It is pos si ble to find ar eas with mor phol ogy very
sim i lar to that of group 1, but ar eas with slightly dif fer ent
morphometric fea tures and spa tial ar range ment of geo mor -
phons pre dom i nate. Prob a bly, where the lo cal re lief and slopes
are higher there is a greater pro por tion of ex treme geomor -
phons (ridges, sum mits vs. val leys and de pres sions), and
where the lower re lief is more gen tle, it is man i fested by higher
pro por tions of the slope geomorphon. The third group in cluded
patches with very sim i lar mor pho log i cal po si tions. These are
the bot toms of ex ten sive de pres sions (Zamoœæ Ba sin, Hrubie -
szów Ba sin), the sur face of a low pla teau (Œwidnik Pla teau) and 
the lower sec tion of the Por Val ley (Gie³czew Hills outer zone).
Ev ery where there, the rel a tively thin loess cover lies on poorly
re sis tant marls (Zamoœæ Ba sin; Bu³a et al., 1994), loose Qua ter -
nary de pos its build ing up the over-flood ter races (lower Huczwa 
River; Dolecki, 1978, 1999; Rzechowski et al., 2009) or di rectly
on chalk, silts and sands near £êczna (Harasimiuk and Henkiel, 
1978b, 1981). The low loess thick ness and the lit tle-var ied re lief 
and lithological fea tures of the sub-loessic sur face do not pre -
dis pose the for ma tion of more sig nif i cant lo cal de nu da tion and,
con se quently, fea tures of “liv ing” loess re lief. This is re flected in
the low val ues of morphometric in di ces (Fig. 7) and the sig nif i -
cant pro por tion of the flat geomorphon (Ta ble 2).

Quan ti ta tive mor pho log i cal anal y sis was car ried out for en -
tire ar eas of the loess cover, which may lead to gen er al iza tion
of the re sults. This is es pe cially true for large loess patches with
in ter nally vary ing mor phol ogy. Thanks to this ap proach the
Szczebrzeszyn area (patch no. 31 in West ern Roztocze – the
east ern part called "Szczebrzeszyn Roztocze") was clas si fied

into group 2 char ac ter ized by the lower re lief dy nam ics. This
cover is lo cally char ac ter ized by “vivid” re lief (Buraczyñski,
1989), cor rob o rated by high val ues of DTM de riv a tives, but the
mor phol ogy of its other parts, es pe cially the high pro por tion of
flats (Fig. 4) led to its clas si fi ca tion into group 2. An other ex am -
ple is the ex ten sive cover num ber 7, cov er ing the west ern part
of the Na³êczów Pla teau. In terms of mor pho log i cal fea tures
(Fig. 6: 2_1), this cover is very sim i lar to map 1_1, but lower val -
ues of morphometric pa ram e ters (Fig. 7) and a higher pro por -
tion of the flat geomorphon (Fig. 4) place it in group 2.

In or der to study the in ter nal struc ture of loess patches’ re -
lief, it is nec es sary to use an ap proach in which patches are di -
vided into smaller ar eas (tiles) and in them morphometric char -
ac ter is tics are cal cu lated, and then com bined into groups on the 
ba sis of sim i lar ity. In this way, it will prob a bly be pos si ble to in -
ter nally dif fer en ti ate large patches and prop erly clas sify their
parts. This is the sub ject of a sep a rate study (Gawrysiak and
Kociuba, 2023).

CONCLUSIONS

The study used a new ap proach to ana lys ing the mor phol -
ogy of loess patches, based on geomorphometric anal y ses per -
formed on the ba sis of a Dig i tal Ter rain Model and its se lected
de riv a tives. It al lowed quan ti ta tive re lief anal y sis and clus ter ing
of patches based on the sim i lar ity of the morphometric pa ram e -
ters stud ied. There were 3 groups of patches with sim i lar re lief
char ac ter is tics ex pressed by a sim i lar range of morphometric
pa ram e ters. The quan ti ta tive re sults of this re lief anal y sis of the
loess patches fa cil i tate the un der stand ing of lo cal con di tions af -
fect ing the ac cu mu la tion and mor phol ogy of loess cov ers.

These anal y ses and their re sults do not ex haust the sub ject, 
which is the mor pho log i cal dif fer en ti a tion of loess cov ers. The
next step should be to iso late and study the fac tors that con di -
tioned the sep a rate de vel op ment of the loess patches’ re lief,
and which con se quently led to such dif fer en ti a tion of this re lief.
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