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DHM 2015 & 2017 

Rapid Climate Change in Nepal Himalaya 
Background 



Dendrochronology ?  

• Tree is a recorder, a biological 

databank that records and stores 

the information from the 

environment. 

• Dendrochronology science uses 

tree rings dated to their exact 

year of formation to analyze 

temporal and spatial patterns of 

processes in the, biological, 

physical and cultural sciences.  

• Tree-rings are natural proxy 

climate source 





What is treeline? Why treeline 
research?   

Treeline at Pangboche, Mt. Everest Region, Nepal 

A life-form boundary that limits  regional tree 

growth, irrespective of species 

Christian Körner, 2012, Alpine treelines 



Objectives 

• To check the dendrochronological potential of 
multiple  tree species from the ApiNampa 
Conservation Area (ANCA) 

• To check the climatic sensitivity and resilience of 
different forests in the ANCA to climate change 

• To assess treeline dynamics in the region 

• To reconstruct climatic history of the region 



Study Area and Climate 

Bhandari et al 2019, TRR 

Bhandari et al 2019, TRR 



 Site and Species Selection 

 Field Visits 
(2014 and 2018) 



Dendroecological survey 
 Field Methods : Treeline Dynamics 

Belt transect: 20 m wide and 100 m to 250 m long 



 Field Methods : Tree Core Sample Collection 
( for Dendroclimatology) 



Laboratory 

analysis 

(Dendroclimatology) 

3. Sanding & Polishing  

(Machine or hand) 

(TSAP & COFECHA) (dplR & ARSTAN) 
(boorRes and treeclim) 

(treeclim or R) 



Results and discussion 



TRW Chronologies from ANCA 

 11 sampled species 
 13 Chronologies, 10 (or 9) species, 5 conifers, 5 broadleaved (3 

diffuse porous, 2 ring porous) 
 1 species (Acer species not measured yet) 
 Analysis incomplete (Aesculus, Juniper and Pine) 
 Chronology length: 192 to 567 (1451-2017 CE) 



Raw TRW Chronologies 



BAI Chronologies 



 

Growth-Climate Relationships 
CRU data (1901 to now) 



Growth-Climate Relationships 
Mukteshwor data (1901 to now) 



Seasonal Response 

bet18 

ap25 

td23 uw8 



Temporal Stability of Response 
bet18 

tdkt23 



Figure. (a) Ring-width index chronology of Tsuga 

dumosa; (b) Number of cores used to develop this 

chronology; (c) EPS threshold greater than 0.85 
since 1707; (d) Rbar graph from AD 1657 to 2013. 

Figure. Top: Histogram showing correlations between the 

ring-width index chronology of Tsuga dumosa and climate 

data (AD 1897-2013) from Mukteshwar station, India. 

Bottom: Histogram showing correlation between ring-
width index, scPDSI, and SPEI. 



Figure. (a)Actual and estimated March-May SPEI01 fromAD1897 to 2013, and (b) Spring 

reconstructed SPEI along with a 10-year low pass filter for the period AD 1707-

2013. 

Dry periods : AD 1741–1750, 1781–

1789, 

1950–1959, and 2009–2013 and  

Wet periods: AD 1733–1739, 1819–1823, 

1850–1853, and 1912–1914.  

A long dry period :1921–1960 

Longest wet period :1975–1993.  

Driest years: AD 1715, 1741, 1782, and 

1921 

Wettest years :AD 1737, 1738, 1903, and 

2001 

Spring (MAM) SPEI01 Reconstruction 

Bhandari et al 2019, TRR 



(a)Spring SPEI reconstruction from the western 

Nepal Himalayas (this study),  

 

(b) Spring scPDSI reconstruction from the central 

Nepal Himalayas (Panthi et al. 2017), 

 

(c) Spring precipitation reconstruction from the 

western Nepal Himalayas (Gaire et al. 2017),  

 

(d) February-May precipitation reconstruction 

from the Kumaon Himalayas, India (Yadav et al. 

2014), 

 

(e) March-July precipitation reconstruction from 

Himachal Pradesh, India (Singh et al. 2009). 

Figure. Comparison of current SPEI01 reconstruction with other regional scPDSI and 

precipitation reconstructions with grey bars indicating the four most severe droughts in our 
reconstruction.  

Regional coherencies 

Bhandari et al 2019, TRR 



Spatial representation of Rec. SPEI 

Bhandari et al 2019, TRR 



Treeline at  ANCA 
Khandeshwori Area 

Treeline Elevation: Deuthani (AN1): Betula = 3845 m, Abies = 3763 m ;  
    Makarchuli (AN2): Betula = 3802 m, Abies = 3768 m 



Regeneration and age structure 



Treeline dynamics 



tdln147 
ap25 

Resilience of Forests to Climate Change 



Wood Anatomical Analysis 

Ulmus wallichiana 

Aesculus indica 

Acer species 

Un-1  

Un-2  

Betula utilis 



Extreme Forest Fire 

Loss of evolutionary history ??? 



Conclusions and Way-forward 

• ANCA holds dendroclimatically promising several tree species 

• Spring season climate  (especially moisture availability) is the 

main growth limiting factor 

• Treeline research shows differential regeneration pattern 

along with stand densification  as well as possible shifting 

• The SPEI reconstruction showed several dry and wet 

episodes indicating no persistent climate trend within the past 

three centuries. 

• Need integrated and further study using multi-proxy tree-ring 

parameters for better understanding of the ecosystem level 

climate sensitivity and vulnerability to climate change 

 

Our study is continue. Need collaborations and 

support for robust results 
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