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The aim of this study is evaluation of the relationship between vegetation changes 

associated with hydrological drought in the eastern part of the Sistan region. This 

region with an area of 875,052 hectares is located in the north of Sistan and 

Baluchistan province, with an average height of 478 meters above sea level. To, 

Landsat 8 satellite images (OLI) associated with ground monitoring and the 

normalized difference vegetation index (NDVI) and streamflow drought index 

(SDI) were used in 2019 and 2021. Also, the floristic list of the study area was 

randomly scrutinized in the vegetative seasons of the plant in 2019 and 2021. The 

life form of plants was also determined by Raunkiaer (1934). The results 

indicated that the average SDI in 2019 and 2021 was estimated at 1.33 and -0.38, 

respectively. Also, the water normal class and the weak drought class were 

identified in 2019 and 2021, respectively. Changes in the NDVI and SDI were 

observed in correlation relationships in 2019 and 2021. Vegetation changes have 

occurred as a result of the hydrological drought in 2021, indicating hydrological 

drought-affected vegetation. The study of the flora of the region in 2019 showed 

that plants including 191 plant species from 141 genera and 42 families are 

distributed in the region. Also, on the occurrence of hydrological drought 

conditions in 2021, the number of species decreased to 162 species, 123 genera, 

and 34 families. The life form of plants using the Raunkiaer method showed that 

40% of therophytes, 18.4% of cryptophytes, 17.9% of hemicryptophytes, 15.3% 

of phanerophytes and 8.4% charophytes are included in 2019. In 2021, 

therophytes decreased to 34.7%, cryptophytes to 9.5%, hemicryptophytes to 

17.4%, and charophytes to 7.9%, whereas, phanerophytes were unchanged at 

15.3% compared to 2019. It shows the resistance of phanerophyte plants to 

drought and lack of water in the studied area. 
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1 - Weighted Difference Vegetation Index (WDVI) 
2 - Streamflow Drought Index (SDI) 
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1 - Landsat OLI 
2 - The United States Geological Survey 
3 - ENVI 5.3 
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      Alismataceae 
Cr  -  *  Alisma lanceolatum With. 
Cr -  *  Alisma plantago-aquatica L. 
      Apiaceae  
He  *  *  Apium graveolens L. 
He *  *  Dorema ammoniacum D. Don 
He  *  *  Ducrosia anethifolia (DC.) Boiss.  
      Asclepiadaceae      
He *  *  Cynanchum acutum L. subsp acutum 
Ph *  *  Pergularia tomentosa L. 
      Asteraceae 
He *  *  Acroptilon repens (L.) DC. 
Cr *  *  Aegopordon  berardioides Boiss. 
Th  *  *  Amberboa turanica (Boiss.) Iljin  
Th  *  *  Anthemis rhodocentra Iranshar 
Ch  *  *  Artemisia scoparia Waldst. et Kit. 
Ch *  *  Artemisia sieberi Besser subsp. Sieberi 
Cr  *  *  Carthamus tinctorius  L. 
Th  *  *  Centaurea bruguieriana (DC.) Hand. Subsp. Belangerana (DC.) Bornm. 
He  *  *  Cichorium intybus L. 
He  *  *  Cirsium arvense (L.) Scop. 
Th  *  *  Conyza bonariensis (L.) Cornquist 
He  *  *  Conyzanthus squamatus (Spreng.) Tamamsch. 
Th  -  *  Crepis kotschyana (Boiss.) Boiss. 
 *  *  Echinops sp. 
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Th   -  *  Filago hurdwarica (DC.) Wagenitz 
Th   -  *  Gnaphalium luteo- album L. 
Ch   -  *  Grantia aucheri Boiss. 

        Th  *  *  Gymnarrhena micrantha Desf. 
Th *  *  Heteroderis pusilla (Boiss.)Boiss. var. gymnocephala Rech. f. 
Th  *  *  Ifloga spicata (Forssk.) Schultz. Bip 

         Th *  *  koelpinia linearis Pall. 
Th  *  *  Lactuca serriola (L.)   
Cr  *  *  Launaea acanthodes (Bioss.) O. Kuntze 
Th   -  *  Oligochaete minima (Boiss.) Briq. 
He  *  *  Pulicaria gnaphalodes (Vent.) Boiss. 
He  *  *  Reichardia  oriantalis (L.) Hochreatiner (Lactuceae). 
He  *  *  Scorzonera tortuosissima Boiss.  
Th  *  *  Senecio flavus (Decne.) Schultz-Bip. 
      Boraginaceae 
Th *  *  Arnebia grandiflora (Trautv.) M. Pop 
Th  *  *  Gastrocotyle hispida (Forssk.) C.B. Clarke 
Th  *  *  Heliotropium europium L. 
He  *  *  Heliotropium lasiocarpum Fisch. Et C.A. Mey. 
Th  *  *  Heterocaryum subsessile Vatke 
He  * * Trichodesma africanum (L.) R. Br. 
      Brassicaceae  
Th  -  *  Alyssum linifolium Steph. Et Willd.var. linifolium 
He  *  *  Cardaria draba (L.) Desv. 
Th  *  *  Descuirainia sophia (L.) Webb ex Prantl. 
Th  *  *  Eruca sativa Miller 
He  *  *  Fortuynia garcinii (Burm.) Shuttlew. 
Th  *  *  Goldbachia laevigata (M. Bieb.) DC. 
Th  *  *  Isatis minima Bge. 
He  *  *  Lepidium sativum L. 
Th  *  *  Malcolmia africana (L.) R. Br. 
Th   -  *  Matthiola chenopodifolia Fisch. et C.A. Mey. 
Th  *  *  Moricandia sinaica (Boiss.) Boiss. 
Cr   -  *  Nasturtium officinale R. Br. 
Th  *  *  Savignya parviflora (Delile) Webb. 
Th   -  *  Sisymbrium irio L. 
      Capparidaceae 
Cr *  *  Capparis spinosa    L. 
He  *  *  Cleome oxypetala Boiss. 
He  *  *  Cleome heratensis Bunge et Bien.ex Boiss. 
      Caryophyllaceae  
Ch *  *  Acanthophylum sordidium Bge. ex Boiss. 
Ch  *  *  Gymnocarpus decander Forssk. 
Th  *  *  Gypsophila pilosa Huds 
Th  *  *  Pteranthus dichotomus Forssk. 
Th  *  *  Silene conoidea L. 
Th  *  *  Spergularia  diandra (Guss.) Heldr. et Sart. 
      Chenopodiaceae 
Th *  *  Agriophyllum minus Fisch. & C. A. Mey. Ex Fenzel 
Ch  *  *  Anabasis aphylla L. 
Ch  *  *  Anabasis setifera Moq 
Ch  *  *  Atriplex canescens (Pursh.) Nutt. 
Th  *  *  Atriplex dimorphostegia (Kar. et Kir.) Allen 
Ph  *  *  Atriplex halimus L. 
Ph  *  *  Atriplex lentiformis S. Wats 
Ch  *  *  Atriplex leucoclada (Boiss.) Aellen. 
Th  *  *  Atriplex moneta Bge. 
Th  *  *  Chenopodium album L. 
Th  *  *  Chenopodium chenopodioides (L.) Aellen 
Th  *  *  Chenopodium rubrum L. 
Th  *  *  Cornulaca aucheri Moq. Subsp. Leucacantha (Charif & Aellen) Assadi 
Ch  *  *  Cornulaca leucacantha Charif et Aellen 
Ch  *  *  Cornulaca monacantha Delile. 
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Ph  *  *  Halostachys belangeriana Bunge ex Boiss. 
Ch  *  *  Halothamnus subaphyllus (A.C. Mey.) Botsch. 
Ph  *  *  Haloxylon ammodendron (C.A. Mey.) Bge. 
Ph  *  *  Haloxylon persicum Bge. & Boiss. et Buhse 
Ph  *  *  Haloxylon recurvium Bunge ex Boiss.  
Ph  *  *  Hammada salicornica (Moq.) IIjin 
Th  *  *  Kochia scoparia (L.) Schrad. 
Th  *  *  Londesia eriantha Fisch. & C.A. Mey. 
Th  *  *  Salicornia europaea L. 
Th  *  *  Salsola crassa M. B. 
Th  *  *  Salsola cyclophylla Barker 
Ch  *  *  Salsola imbricata Forssk. 
Th  *  *  Salsola incanescens C.A. Mey. 
Th  *  *  Salsola nitraria Pall. 
Th  *  *  Salsola tomentosa (Moq.) Spach 
Th  *  *  Seidlitzia cinerea (Moq.) Bge. ex Botsch 
Ph  *  *  Seidlitzia rosmarinus Ehrenb. ex Boiss. 
Ph  *  *  Suaeda aegyptiaca (Hasselq.) Zohary 
He  *  *  Suaeda vermiculata Forssk. ex Gmelin 
      Convolvulaceae 
Cr *  *  Convolvulus arvensis L.  
He  *  *  Cressa cretica L. 
  *  *  Cucurbitaceae 
He *  *  Citrullus colocynthis (L.) Schrad.  
  *  *  Cynomoriaceae  
Cr *  *  Cynomorium coccinium L.  
      Cyperaceae  
Cr  -  *  Cyperus longus L.  
Cr   -  *  Cyperus rotundus L. 
Cr   -  *  Eleocharis uniglumis Link. 
Cr  - * Scirpus littoralis Schrad. var. oligostachys Boiss. 
Cr  - * Scirpus wardianus J. R. Orummond. 
      Ephedraceae 
Ph *  *  Ephedra distachya L. 
Ph  *  *  Ephedra strobilacea Bge. ex A.Lehm 
      Euphorbiaceae  
Cr *  *  Andrachne telephioides L. 
Th  *  *  Chrozophora  obliqua (Vahl.) Juss. et Spreng.  
Th  *  *  Chrozophora tinctoria (L.) A. Juss 
Th  *  *  Euphorbia granulata Forssk. 
Th  *  *  Euphorbia turcomanica Boiss. 
      Fabaceae 
Ch *  *  Alhagi camelorum Fisch. 
Th  *  *  Astragalus pinetorum Boiss. subsp. Declinatus Podl.  
Th  *  *  Melilotus indicus (L.) All. 
Th  *  *  Onobrychis aucheri Boiss. Subsp. Psammophila (Bornm.) Rech.f. 
      Geraniaceae 
Th *  *  Erodium cicutarium (L.) L Her.  
      Hydrocharitaceae  
Cr  -  *  Vallisneria spiralis L.  
      Lamiaceae  
Cr *  *  Mentha longifolia (L.) Hudson  
Cr  *  *  Salvia macilenta Boiss. 
      Liliaceae 
Cr *  *  Gagea gageoides (Zucc.) Vved.  
      Malvaceae  
He *  *  Malva neglecta Wallr.  
      Mimosaceae  
Ch *  *  Prosopis farcta (Banks & Sol.) Macbr.  
      Najadaceae  
Cr  -  *  Najas Marina L.  
      Orobanchaceae  
Cr *  *  Cistanch tubulosa (Schrenk) R. Wight  
Cr  *  *  Orobanch aegyptiaca Pers. 
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      Papaveraceae 
Th *  *  Hypecoum pendulum L. Var. pendulum  
Th  *  *  Papaver rhoeas L. var. albidum Ghahreman & Mozaffarian.  
Th  *  *  Roemeria hybrida (L.) DC.  
      Plantaginaceae  
He *  *  Plantago coronopus L. subsp. coronopus  
He  *  *  Plantago lanceolata L.  
He  *  *  Plantago ovate Frossk. 
      Poaceae 
He *  *  Aeluropus lagopoides (L.) Trin et Thwaies 
He  *  *  Aeluropus  littoralis (Gouan) Parl. 
Cr   -  *  Arundo donax L. 
Th   -  *  Boissiera squarrosa (Banks et Soland.) Nevski 
He  *  *  Bothriochloa ischaemum (L.) Keng 
Th  *  *  Bromus  japonicus Thund. Var. japonicus 
Cr  *  *  Cynodon dactylon (L.) Pers. 
He  *  *  Desmostachya bipinnata (L.) Stapf. 
Cr   -  *  Imperata cylindrica (L.) P.Beauv. 
Th   -  *  Lolium temulentum L. 
Cr   -  *  Phragmites australis (Cav.) Trin. et Steud. var. australis 
He   -  *  Poa sinaica Steud. 
Cr  *  *  Saccharum griffithii Munro et Boiss. 
Th  *  *  Schismus arabicus Nees. 
Th  *  *  Setaria glauca (L.) P.Beauv. 
He  *  *  Stipagrostis plumosa (L.) Munro ex T. Anders. Var. plumosa 
      Polygonaceae 
Ph *  *  Calligonum bungee Boiss. 
Ph  *  *  Calligonum polygonoides L.   
Th  *  *  Polygonum aviculare L. 
Ph  *  *  Polygonum patulum M. B. 
Ph  *  *  Pteropyrum aucheri Jaub.et Spach 
Th  *  *  Rumex vesicarius L.   
      Portulaceceae 
Th *  *  Portulaca oleracea L. 
      Potamogetonaceae     
Cr  -  *  Potamogeton pectinatus L. 
Cr   -  *  Potamogeton perfoliatus L.  
      Ranunculaceae  
Th  -  *  Ranunculus trichophyllus Chaix 
Th  *  *  Consolida regalis Gray. 
      Resedaceae  
Ph *  *  Ochradenus aucheri Boiss. 
Th  *  *  Oligomeris  linifolia (Vahl) Macbr. 
Th  *  *  Reseda aucheri Boiss. subsp. Rechingeri (Abdallah et De Wit) Rech. f. 
      Rhamnaceae  
Ph *  *  Ziziphus  jujuba Mill.  
      Rutaceae  
Cr *  *  Haplophyllum robustum Bunge 
Cr  *  *  Haplophyllum tuberculatum (Forssk.) Juss. 
      Salicaceae 
Ph *  *  Populus euphratica Olivier 
Ph  *  *  Salix acmophylla Boiss  
      Sapindaceae  
Th *  *  Stocksia brahuica Benth.  
      Scrophulaliaceae  
Cr *  *  Schweinfurthia papilionaceae Burm. 
Cr  *  *  Scrophularia deserti  Delile. 
      Solanaceae  
Th *  *  Datura  innoxia Mill. 
Ph  *  *  Lycium ruthenicum Murray 
Th  *  *  Solanum  nigrum L. 
      Tamaricaceae  
Ch *  *  Reaumuria cistoides Adam 
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Ph  *  *  Tamarix aphylla (L.) Karsten 
Ph  *  *  Tamarix dioica Roth 
Ph  *  *  Tamarix indica Willd. 
Ph  *  *  Tamarix kotschyi Bunge 
Ph  *  *  Tamarix passerinoides Delil ex Desv. 
Ph  *  *  Tamarix ramosissima Ledeb.         
    *  Typhaceae 
Cr -  *  Typha latifolia L. 
      Zannichelliaceae 
Cr -  *  Zannichelia palustris L. 
      Zygophyllaceae 
He *  *  Fagonia bruguieri Dc. Var. bruguieri 
He  *  *  Fagonia  ovalifolia 
He  *  *  Peganum harmala L. 
Th  *  *  Tribulus longipetalus Viv. Subsp. Macropterus (Boiss.) Maire. Ex Ozenda et Qzenda 

et Quezel 
Th  *  *  Tribulus terrestris L. 
Ph * * Zygophyllum atriplicoides Fisch. & C.A. Mey. 
Ph  *  *  Zygophyllum eurypterum Boiss. et Buhse subsp. Eurypterum     
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1 - Chenopodiaceae 
2 - Asteraceae 
3 - Poaceae 
4 - Brassicaceae 
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1 - Phragmites australis 
2 - Typha latifolia 
3 - Cyperus longus 
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