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Abstract

Quantifying the palaeoclimates of Qinghai–Tibetan Plateau is vital for understanding the uplift history of plateau
and the evolution of Asian monsoon since Cenozoic. Recently, the Coexistence Approach (CA) has been employed
to reconstruct the palaeoelevation and palaeoclimate of the plateau by several studies. However, the application of
CA in mountainous areas and the realism of climate reconstructions via this method are seldom discussed,
although the complexity of reconstructions is speculated. Here we reevaluated the realism of climate reconstruction
using the CA with modern pollen samples from the Qinghai–Tibetan Plateau, and try to explore the possible factors
influencing the precipitation and temperature reconstructions by CA. We suggest that the long-distance transport
pollen as a result of the Asian summer monsoon potentially significantly affects the reconstructions both for
precipitation and temperature. The precipitation complexly interacting with snowmelt and permafrost thaw leads
to the discrepancy between the reconstructed precipitation and the real value. The response temperature for
blossoming of dwarfed plants on the plateau is mostly likely higher than the air temperature (usually measured at
1.5 m above ground) due to energy flux or morphological adaptation of inflorescences during the growing season,
causing the distortion of temperature reconstructions. Precipitation reconstruction is notoriously difficult as the
establishers of CA have already suggested, but reconstructing the low temperatures may be even more challenging
on Qinghai–Tibetan Plateau. Though all of the explorations in current paper are in a qualitative way, it offers an
inspiration of how appropriately interpret the disagreements between CA results and the observations, and of how
to obtain a reasonable reconstruction of palaeoclimate of the plateau.

Keywords: Complexity, Climate reconstruction, Coexistence approach, Modern pollen assemblages, Qinghai–Tibetan
Plateau

1 Introduction
The Coexistence Approach (CA) is a plant-based
method to reconstruct palaeoclimates, in which the cli-
matic envelopes for each species found in a fossil assem-
blage are superimposed and the climate interval
common to all species is assumed to represent the cli-
mate of the sampling site (Mosbrugger and Utescher
1997; Utescher et al. 2014; Zhang 2016). It has been
widely used to reconstruct the palaeoenvironments of
Eurasia (e.g. Mosbrugger and Utescher 1997; Gebka et

al. 1999; Pross et al. 2000; Bruch et al. 2006; Böhme et
al. 2007; Erdei et al. 2007; Yang et al. 2007; Li et al. 2009;
Xia et al. 2009; Yao et al. 2009; Hao et al. 2010; Grein et
al. 2011; Jacques et al. 2011; Qin et al. 2011; Quan et al.
2011; Utescher et al. 2014; Zhang et al. 2016; Wu et al.
2018), except for mountainous areas of China and the
Himalaya. There are great complexities for palaeoclimate
reconstructions in these high altitudinal regions as
pointed out by previous studies (Mosbrugger and
Utescher 1997; Song et al. 2010; Grimm and Denk 2012;
Zhang et al. 2015), due to a variety of reasons. For in-
stance, water availability for plant growth may vary con-
siderably over a very short distance by reason of
partitions of precipitation and groundwater. This could
consistently lead to the disagreements between the
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reconstructed precipitation parameters and the real
value (Mosbrugger and Utescher 1997). The mechanism
of species coexistence in water-limited ecosystems like
Qinghai–Tibetan Plateau is particularly different to
other ecosystems, assuming that trees and grasses dis-
play differential access to the insufficient water because
of their spatial difference in rooting distributions (Cable
1969; Knoop and Walker 1985; Kambatuku et al. 2013;
Ying et al. 2017). In addition, shortage of meteorological
stations as references to the reconstructed climates is
constraining the ability of reducing reconstruction
uncertainties.
Nevertheless, in recent years several studies have tried

to reconstruct the palaeoelevation and palaeoclimates
from Oligocene to Eocene on Qinghai–Tibetan Plateau
by using CA (Song et al. 2010; Sun et al. 2014; Wu et al.
2018). These reconstructions provide strong evidences
of the uplift history of plateau and are helpful in under-
standing main aspects of the global climate change, col-
lision tectonics and the evolution of the Asian monsoon
since the Cenozoic. However, the reconstructed method
itself, i.e. CA is lately critically evaluated by modern-day
data (Grimm and Denk 2012), and even the effectiveness
of reconstructing palaeoclimates via CA has also been
doubted (Grimm and Potts 2016; Grimm et al. 2016).
For above reasons, the application of CA on Qinghai–
Tibetan Plateau is in urgent need of thoughtful consider-
ation before a reasonable palaeoclimate reconstruction is
made. Zhang et al. (2015) is the first study to evaluate
the realism of climate reconstructions using the method
of CA with modern pollen samples from the Qinghai–
Tibetan Plateau. They found that precipitation recon-
structions are better than temperature reconstructions.
Moreover, the presence of arboreal pollen, most of
which is derived from outside the region, distorts all of
the reconstructions; and more reliable climate recon-
structions can be made by excluding possible arboreal
contaminants. Although three different ways of CA ap-
plication for climate reconstructions have been explored
and the potential reasons of why the reconstructed cli-
mates were not in agreement with the observed values
were discussed (Zhang et al. 2015), reconsiderations on
this problem of disagreements are forming some new
insights.
Here, we revisit the paper of Zhang et al. (2015) and

discuss some possible factors affecting climate recon-
structions for CA application on Qinghai–Tibetan Plat-
eau. The discussion is in a more qualitative way because
the detailed mechanism for those influential factors is
too complicated, such as the dynamic interactions
among precipitation, snowmelt and permafrost thaw.
Nevertheless, it would be useful to appropriately inter-
pret the reconstructed (palaeo-) climates of the plateau
and surrounding area via the method of CA.

2 Methods and materials
2.1 Study area and climate data
The Qinghai–Tibetan Plateau is one of the highest
mountains in the world with an average elevation of over
4000 m above sea level (Fig. 1) (Liu and Chen 2000).
Delimitations of the plateau are generally the Hengduan
Mountains in the east, the Himalayan Mountains in the
south, the Karakorum Range of Pakistan in the west,
and the Qilian and the Kunlun Mountains in the north
(Zhang et al. 2002). The vegetation of the plateau in-
cludes deserts in the northern part of the plateau, alpine
vegetation in the central part, subtropical broad-leaved
evergreen forest region in the west and south, and trop-
ical monsoon and tropical rainforests on the southern
slopes of the Himalayas. This diverse vegetation pattern
is a result of the particular plateau climate, which is
dominated by the Indian monsoon during summer and
by the westerlies during winter (Zhang 2007). The
strong climatic gradients of mean annual precipitation
(MAP), mean annual temperature (MAT), mean
temperature of the warmest month (MTWA), and mean
temperature of the coldest month (MTCO) are shown in
Fig. 1. On this set of climate parameters, we used a base-
line 1-km resolution gridded climatology constructed
from mean monthly values of temperature, precipitation
and percentage of possible sunshine hours, derived by an
elevation-sensitive spline interpolation from 1814
meteorological stations across China (Harris et al.
2013; Wang et al. 2013). Of these, 740 stations have obser-
vations during the years 1971–2000 and the remaining
stations have observations during the years 1981–1990.

2.2 Modern pollen data and method of climate
reconstruction
Here we revisit the pollen data published by Zhang et
al. (2015). They collected forty-four surface soil sam-
ples along a transect from Qinghai Lake, across the
central part of the Qinghai–Tibetan Plateau towards
Lhasa (Fig. 1). Seventy pollen types were identified
from these samples. The dominants of pollen assem-
blages are non-arboreal pollen (NAP) (73.1% in aver-
age) and shrubs (5.5%), while arboreal pollen (AP)
comprises 15.9% of the assemblages. The climate of
each pollen-sampling site was taken as that of the
1 × 1 km2 aforementioned gridcell where the site oc-
curred. It indicates the observed climate. They simu-
lated the modern climate based on the pollen data of
surface soil by the Coexistence Approach (CA), and
compared with the observed climates across 44 sampling
sites. In this study, only the weighted reconstruction (WR)
and the non-tree reconstruction (NTR) in the framework
of CA conducted by Zhang et al. (2015) are employed to
make the point of climate reconstruction discrepancies
between CA results and the observations (Table 1). Rare
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pollen taxa with less than 1% of pollen assemblage were
excluded through the analysis because they possibly repre-
sent highly localized environmental or climatic conditions
and bias the reconstructions of regional climate. The ef-
fect of potential exotic tree pollen on climate reconstruc-
tions is tested.

The Coexistence Approach is a quantitative method of
palaeoclimate reconstruction that is frequently employed
by many scientists to retrace the palaeoclimates of Eur-
asian continents (e.g. Mosbrugger and Utescher 1997;
Bruch et al. 2006; Erdei et al. 2007; Yang et al. 2007; Xia
et al. 2009; Yao et al. 2009; Jacques et al. 2011; Qin et al.

Fig. 1 a Location of the study sites. The sites (closed black squares, numbered as S1–S44) are superimposed on maps showing the digital
elevation. Please see sites details in Zhang et al. 2015; b–e Climatic gradients for the sampling sites. MAP Mean annual precipitation, MAT Mean
annual temperature, MTWA Mean temperature of the warmest month, MTCO Mean temperature of the coldest month. The climate data from
1814 meteorological stations across China were interpolated to the 1-km resolution grid using smoothing spline interpolation (ANUSPLIN version
4.36; Hancock and Hutchinson 2006) and the Shuttle Radar Topography Mission (SRTM) 1-km digital elevation model (Farr et al. 2007)

Zhang et al. Journal of Palaeogeography             (2019) 8:5 Page 3 of 10



Ta
b
le

1
C
om

pa
ris
on

s
am

on
g
w
ei
gh

te
d
re
co
ns
tr
uc
tio

ns
(W

R)
,n

on
-t
re
es

re
co
ns
tr
uc
tio

ns
(N
TR
)
an
d
ob

se
rv
ed

cl
im

at
es

fro
m

Zh
an
g
et

al
.2
01
5.
M
A
P,

M
A
T,
M
TW

A
an
d
M
TC

O
ar
e

th
e
sa
m
e
as

in
Fi
g.

1.
C
oI
n
=
C
oe

xi
st
en

ce
in
te
rv
al
,O

bs
.=

O
bs
er
ve
d
cl
im

at
e.
O
nl
y
32

sa
m
pl
es

(o
ut

of
th
e
or
ig
in
al
44

sa
m
pl
es
)
sa
tis
fy
in
g
th
e
cr
ite
rio

n
of

ha
vi
ng

m
or
e
th
an

5
no

n-
ar
bo

re
al
po

lle
n,
an
d
sh
ru
b
ta
xa

re
pr
es
en

te
d
at

>
1%

ar
e
us
ed

to
co
nd

uc
t
th
e
cl
im

at
e
re
co
ns
tr
uc
tio

n
Sa
m
pl
e

no
.

M
A
P

M
A
T

M
TW

A
M
TC

O

W
R

N
TR

O
bs
.

W
R

N
TR

O
bs
.

W
R

N
TR

O
bs
.

W
R

N
TR

O
bs
.

C
oI
n

M
ed

ia
n

C
oI
n

M
ed

ia
n

C
oI
n

M
ed

ia
n

C
oI
n

M
ed

ia
n

C
oI
n

M
ed

ia
n

C
oI
n

M
ed

ia
n

C
oI
n

M
ed

ia
n

C
oI
n

M
ed

ia
n

Td
1

47
8–
56
1

52
0

38
4–
56
1

47
3

46
0

4.
6–
8.
3

6.
5

4.
6–
8.
3

6.
5

0.
3

15
.2
–1
7.
4

16
.3

15
.2
–1
7.
4

16
.3

10
.9

−
9.
0
–
−
3.
0

−
6

−
9.
0
–
−
3.
0

−
6

−
12
.1

Td
2

40
1–
45
6

42
9

40
1–
40
9

40
5

41
0

4.
6–
7.
4

6
4.
6–
7.
4

6
0.
5

15
.2
–1
6.
8

16
15
.2
–1
6.
8

16
11
.5

−
8.
5
–
−
6.
3

−
7.
4

−
8.
5
–
−
6.
3

−
7.
4

−
12
.3

Td
3

42
1–
45
6

43
9

28
6–
38
1

33
4

47
1

4.
6–
6.
3

5.
5

0.
6–
6.
3

3.
5

−
0.
9

12
.5
–1
5.
6

14
.1

11
.3
–1
5.
6

13
.5

9.
7

−
8.
7
–
−
6.
0

−
7.
4

−
12
.6
–
−
6.
3

−
9.
5

−
13
.6

Td
4

28
6–
45
6

37
1

28
6–
38
1

33
4

45
5

2.
2–
6.
3

4.
3

0.
6–
6.
3

3.
5

−
0.
1

11
.4
–1
5.
6

13
.5

11
.3
–1
5.
6

13
.5

10
.7

−
8.
7
–
−
6.
3

−
7.
5

−
12
.6
–
−
6.
3

−
9.
5

−
13

Td
5

38
4–
45
6

42
0

37
1–
40
9

39
0

36
1

4.
6–
6.
3

5.
5

4.
6–
6.
3

5.
5

1
15
.2
–1
5.
6

15
.4

15
.2
–1
5.
6

15
.4

12
.3

−
8.
9
–
−
6.
0

−
7.
5

−
9.
0
–
−
6.
3

−
7.
7

−
12
.1

Td
6

43
9–
56
1

50
0

28
6–
40
9

34
8

33
8

4.
6–
6.
3

5.
5

0.
6–
6.
3

3.
5

−
0.
6

12
.5
–1
5.
6

14
.1

11
.3
–1
5.
6

13
.5

10
.9

−
7.
2
–
−
6.
0

−
6.
6

−
11
.6
–
−
6.
3

−
9

−
13
.6

Td
7

42
1–
45
6

43
9

20
7–
40
9

30
8

30
6

7.
9–
8.
6

8.
3

1.
1–
8.
6

4.
9

0.
9

11
.7
–1
8.
4

15
.1

11
.3
–1
8.
4

14
.9

12
.6

−
8.
7
–
−
6.
3

−
7.
5

−
9.
0
–
−
6.
3

−
7.
7

−
12
.4

Td
9

42
1–
45
6

43
9

37
1–
45
6

41
4

38
5

4.
6–
6.
3

5.
5

4.
6–
6.
3

5.
5

−
1.
9

15
.2
–1
5.
6

15
.4

15
.2
–1
5.
6

15
.4

9.
2

−
8.
7
–
−
4.
7

−
6.
7

−
12
.6
–
−
4.
7

−
6.
9

−
14
.5

Td
10

25
3–
40
9

33
1

25
3–
38
1

31
7

21
0

2.
2–
8.
3

5.
3

0.
6–
8.
3

4.
5

2.
1

11
.7
–1
7.
7

14
.7

11
.3
–1
7.
7

14
.5

14
.3

−
9.
3
–
−
6.
3

−
7.
8

−
12
.6
–
−
6.
3

−
9.
5

−
11
.9

Td
13

42
1–
45
6

43
9

28
8–
38
1

33
5

52
4.
6–
8.
3

6.
5

0.
6–
8.
3

4.
5

5.
7

12
.5
–1
7.
7

15
.1

11
.3
–1
7.
7

14
.5

18
.7

−
8.
7
–
−
4.
7

−
6.
7

−
12
.6
–
−
6.
0

−
9.
3

−
9.
2

A
v1
5

47
8–
52
2

51
5

38
4–
40
9

39
7

21
8

4.
6–
7.
4

6
2.
6–
6.
3

4.
5

−
3.
5

12
.5
–1
5.
6

14
.1

11
.6
–1
5.
6

13
.6

7.
8

−
8.
4
–
−
4.
7

−
6.
6

−
8.
4
–
−
6.
3

−
7.
4

−
15
.7

A
v1
6

28
6–
40
9

34
8

28
6–
38
1

33
4

37
3

2.
2–
6.
3

4.
3

0.
6–
6.
3

3.
5

−
8.
5

11
.4
–1
5.
6

13
.5

11
.3
–1
5.
6

13
.5

1.
9

−
8.
7
–
−
6.
3

−
7.
5

−
12
.3
–
−
6.
3

−
9.
3

−
19
.6

A
v1
7

40
9–
42
1

41
5

28
6–
38
1

33
4

26
3

2.
2–
6.
3

4.
3

0.
6–
6.
3

3.
5

−
5.
7

11
.7
–1
5.
6

13
.7

11
.3
–1
5.
6

13
.5

5.
3

−
8.
7
–
−
6.
3

−
7.
5

−
12
.3
–
−
6.
3

−
9.
3

−
17
.1

A
v1
8

42
1–
45
6

43
9

33
8–
40
9

37
4

30
9

2.
4–
6.
3

4.
4

0.
6–
6.
3

3.
5

−
5.
9

11
.7
–1
5.
6

13
.7

11
.3
–1
5.
6

13
.5

4.
9

−
7.
7
–
−
6.
3

−
7

−
11
.6
–
−
6.
3

−
9

−
17
.1

A
v1
9

42
3–
45
6

44
0

28
6–
40
9

34
8

27
7

4.
6–
6.
3

5.
5

0.
6–
6.
3

3.
5

−
5.
6

12
.5
–1
5.
6

14
.1

11
.3
–1
5.
6

13
.5

5.
8

−
7.
3
–
−
6.
0

−
6.
7

−
11
.6
–
−
6.
3

−
9

−
17
.8

A
v2
1

28
6–
45
6

37
1

28
6–
38
1

33
4

34
9

2.
2–
6.
3

4.
3

0.
6–
6.
3

3.
5

−
3.
7

11
.4
–1
5.
6

13
.5

11
.3
–1
5.
6

13
.5

7.
6

−
8.
7
–
−
6.
0

−
7.
4

−
13
.1
–
−
6.
0

−
9.
6

−
16

A
v2
2

43
9–
52
2

49
6

40
5–
45
6

43
1

42
5

4.
6–
7.
4

6
4.
6–
6.
3

5.
5

−
7.
2

15
.2
–1
6.
8

16
15
.2
–1
5.
6

15
.4

3.
6

−
5.
1
–
−
4.
7

−
4.
9

−
9.
0
–
−
6.
0

−
7.
5

−
18
.8

A
v2
3

52
2–
54
4

54
8

40
8–
40
9

40
9

41
2

6.
4–
7.
4

6.
9

4.
6–
6.
3

5.
5

−
4

15
.2
–1
6.
8

16
15
.2
–1
5.
6

15
.4

6.
8

−
5.
1
–
−
4.
3

−
4.
7

−
8.
5
–
−
6.
3

−
7.
4

−
15
.8

A
v2
6

47
8–
52
2

51
5

28
6–
40
9

34
8

45
4

4.
6–
7.
4

6
0.
6–
6.
3

3.
5

−
1.
2

14
.8
–1
5.
6

15
.2

11
.3
–1
5.
6

13
.5

8.
9

−
8.
7
–
−
4.
3

−
6.
5

−
11
.6
–
−
6.
3

−
9

−
12
.7

A
v2
7

54
4–
56
1

55
3

28
6–
56
1

42
4

48
0

4.
6–
8.
3

6.
5

0.
6–
6.
3

3.
5

−
2.
7

12
.5
–1
7.
4

15
11
.3
–1
5.
6

13
.5

6.
8

−
5.
1
–
−
4.
3

−
4.
7

−
11
.6
–
−
6.
0

−
8.
8

−
13
.7

A
v2
8

47
8–
52
2

51
5

28
6–
55
2

41
9

57
3

4.
6–
6.
3

5.
5

0.
5–
6.
3

3.
4

−
5.
7

12
.5
–1
5.
6

14
.1

10
.5
–1
5.
6

13
.1

3.
1

−
7.
2
–
−
4.
3

−
5.
8

−
11
.9
–
−
4.
3

−
8.
1

−
15
.7

A
v3
0

38
4–
45
6

42
0

28
6–
45
6

37
1

49
1

2.
2–
6.
3

4.
3

0.
6–
6.
3

3.
5

−
1.
7

11
.4
–1
5.
6

13
.5

11
.3
–1
5.
6

13
.5

7.
4

−
8.
7
–
−
6.
0

−
7.
4

−
11
.6
–
−
6.
0

−
8.
8

−
12
.6

A
v3
1

43
9–
45
6

44
8

28
6–
40
9

34
8

56
2

4.
6–
6.
3

5.
5

0.
6–
6.
3

3.
5

−
4.
9

12
.5
–1
5.
6

14
.1

11
.3
–1
5.
6

13
.5

3.
7

−
7.
2
–
−
6.
0

−
6.
6

−
11
.6
–
−
6.
3

−
9

−
14
.8

A
v3
2

34
8–
45
6

40
2

34
8–
40
9

37
9

45
0

2.
2–
6.
3

4.
3

0.
4–
6.
3

3.
4

1.
2

11
.4
–1
5.
6

13
.5

11
.3
–1
5.
6

13
.5

10
.4

−
8.
7
–
−
6.
3

−
7.
5

−
12
.3
–
−
6.
3

−
9.
3

−
10

A
v3
3

47
8–
52
2

51
5

28
6–
45
6

37
1

51
5

4.
6–
6.
3

5.
5

0.
0–
6.
3

3.
2

−
6

12
.5
–1
5.
6

14
.1

10
.5
–1
5.
6

13
.1

1.
4

−
5.
1
–
−
4.
7

−
4.
9

−
12
.3
–
−
4.
7

−
8.
5

−
14
.2

A
v3
4

54
4–
56
1

55
3

38
4–
55
2

46
8

49
9

4.
6–
6.
3

5.
5

0.
1–
6.
3

3.
2

−
4.
7

12
.5
–1
5.
6

14
.1

10
.0
–1
5.
6

12
.8

2.
3

−
5.
1
–
−
4.
3

−
4.
7

−
11
.6
–
−
4.
3

−
8

−
12
.6

A
v3
8

47
8–
52
2

51
5

25
3–
45
6

35
5

38
1

4.
6–
7.
4

6
0.
0–
7.
4

3.
7

7
12
.5
–1
6.
8

14
.7

10
.5
–1
6.
8

13
.7

14
.6

−
5.
1
–
−
4.
7

−
4.
9

−
12
.3
–
−
4.
7

−
8.
5

−
2

A
v3
9

43
9–
45
6

44
8

28
6–
38
1

33
4

34
7

4.
6–
6.
3

5.
5

0.
6–
6.
3

3.
5

6.
7

12
.5
–1
5.
6

14
.1

11
.3
–1
5.
6

13
.5

14
.9

−
7.
2
–
−
4.
7

−
6

−
12
.6
–
−
6.
0

−
9.
3

−
3.
2

A
v4
0

42
1–
45
6

43
9

31
2–
38
1

34
7

34
2

4.
6–
6.
3

5.
5

0.
6–
6.
3

3.
5

6.
7

12
.5
–1
5.
6

14
.1

11
.3
–1
5.
6

13
.5

14
.8

−
8.
7
–
−
4.
7

−
6.
7

−
12
.3
–
−
6.
0

−
9.
2

−
3.
2

A
v4
1

43
9–
56
1

50
0

38
4–
45
6

42
0

35
8

4.
6–
6.
3

5.
5

0.
1–
6.
3

3.
2

6.
6

12
.5
–1
5.
6

14
.1

10
.5
–1
5.
6

13
.1

14
.8

−
5.
1
–
−
4.
7

−
4.
9

−
11
.6
–
−
4.
7

−
8.
2

−
2.
9

A
v4
3

43
9–
45
6

44
8

28
6–
45
6

37
1

37
4

4.
6–
6.
3

5.
5

0.
6–
6.
3

3.
5

4.
5

12
.5
–1
5.
6

14
.1

11
.3
–1
5.
6

13
.5

12
.4

−
7.
2
–
−
4.
7

−
6

−
11
.6
–
−
6.
0

−
8.
8

−
4.
6

A
v4
4

28
6–
45
6

37
1

28
6–
38
1

33
4

37
6

4.
6–
6.
3

5.
5

0.
6–
6.
3

3.
5

3.
4

12
.5
–1
5.
6

14
.1

11
.3
–1
5.
6

13
.5

11
.2

−
12
.3
–
−
4.
7

−
8.
5

−
12
.3
–
−
6.
0

−
9.
2

−
5.
2

Zhang et al. Journal of Palaeogeography             (2019) 8:5 Page 4 of 10



2011; Quan et al. 2011; Utescher et al. 2014). However,
it still needs to be continuously evaluated by using data
from various environments (Grimm and Denk 2012),
such as in the region of Qinghai–Tibetan Plateau (Zhang
et al. 2015). So far, rare studies have indeed used the Co-
existence Approach to reconstruct the palaeoclimates of
Qinghai–Tibetan Plateau (but to reconstruct palaeoele-
vations of the plateau, e.g. Song et al. 2010; Sun et al.
2014; Wu et al. 2018).

3 Results and discussion
3.1 Influence of long-distance transported pollen on
climate reconstructions
Pollen transportation with long distance on Qinghai–Ti-
betan Plateau has already been found in several studies
(e.g. Cour et al. 1999; Yu et al. 2001; Jiang and Ding
2009; Lu et al. 2010; Zhang et al. 2018). This kind of
pollen is mostly the anemophilous tree pollen (Fig. 2),
typical taxa like Abies, Pinus and Betula (Zhang and Li

2017). They have been transported decades or hundreds
of kilometers away by the Asian summer monsoon from
the southeast of the plateau to the central part (Zhang et
al. 2015), even to the northwest part (Cour et al. 1999).
For this reason, they become exotic pollen in contrast to
the local pollen assemblage. However, studies seldom as-
sess the extent of influence of long-distance transported
pollen on climate reconstruction until Zhang et al. (2015).
Difference between NTR and observations vs. differ-

ence between WR and observations suggests that NTR
is better than WR for all climatic variables because the
former differences are comparably smaller than the lat-
ter one (Fig. 3). Analysis of t-test has further verified the
significant (p-value < 0.01 for MAP, MAT, MTWA and
MTCO) influence of potential exotic tree pollen on the
climate reconstructions. Due to contamination of tree
pollen sourced from the southeastern part of the plateau,
the reconstructed climates by the method of CA are re-
markably higher than the observed climates both for

Fig. 2 Anemophilous tree pollen with long-distance transportation in Qinghai–Tibetan Plateau above topographic map. Red squares indicate the
sites containing the anemophilous tree pollen. Black circles indicate locations of the parent plants corresponding to the anemophilous tree taxa,
which are determined by Wu and Ding (1999). Dashed arrows indicate the possible pathways of anemophilous tree pollen carried by the Asian
summer monsoon
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precipitation and temperatures (Zhang et al. 2015). On
the central part of Qinghai–Tibetan Plateau, the vegeta-
tion is mostly non-forest as a result of mountain block-
ages on Asian summer monsoon. Thus, it is really
important to identify the exotic tree pollen from local
pollen assemblages. Usually, trees need more rainfall and
higher temperatures than shrubs and herbs do. There-
fore, it is not surprising that the reconstructed precipita-
tion and temperatures are higher than the real climates
because of the inclusion of tree pollen.

3.2 Influence of snowmelt and permafrost thaw on MAP
reconstruction
In the paper of Zhang et al. (2015), they found that
the reconstructed precipitation is higher than the
observed at 72% of the sampling sites, and in 83% of
these cases the reconstructed MAP is at least 50%
higher than the observed MAP; the root mean
squared error (RMSE) is nearly 100 mm between the

reconstructed MAP and the observed values in terms
of non-trees reconstruction. Although this relatively
intermediate error is acceptable for palaeoclimate re-
constructions (Mosbrugger and Utescher 1997; Wilf
et al. 1998), it also pinpoints a problem of what
causes this discrepancy for MAP.
As Mosbrugger and Utescher (1997) mentioned, the

reconstruction of precipitation is very difficult partly be-
cause precipitation and groundwater availability may
vary remarkably over a short distance. On Qinghai–Ti-
betan Plateau, the groundwater availability is susceptible
both to the snowmelt and permafrost thaw. Qian et al.
(2003) described the deepest (between 85°E and 90°E
along 30°N) and the second (with a center located at 95°
E and 33°N) deepest winter snow centers and the range
for annual variation of winter snow on Qinghai–Tibetan
Plateau. The snow depth varies more in areas of deeper
snow cover. The interannual variation is less than 30 cm
in northern sampling region, but over 40 cm in southern

Fig. 3 Comparison difference between the weighted reconstruction (WR) and observations with difference between the non-trees reconstruction
(NTR) and observations for MAP, MAT, MTWA and MTCO. MAP Mean annual precipitation, MAT Mean annual temperature, MTWA Mean
temperature of the warmest month, MTCO Mean temperature of the coldest month. Dashed line is 1:1 line. Solid line indicates the linear
regression line
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sampling region. For the sampling sites from the central
part of the plateau, this variation differs from 20 cm to
50 cm (Fig. 4).
Although variability of the mean winter snow depth

from Qian et al. (2003) is based on 78 snow stations on
the Qinghai–Tibetan Plateau and its surrounding area
for the years between 1957 and 1998, it has illustrated
that snowmelt is definitely a partition of water availabil-
ity for plateau plants. As snow depth increases, soil
moisture also increases, but the relationship is not lin-
ear; eventually, as a result of long-term adaptation to
deep snow cover, many species on the plateau repeatedly
able to tolerate a shortened growing season have become
ephemeral or endemic (Chen et al. 2008).
Permafrost represents another source of groundwater

for the local floras. The thaw of permafrost in Tuotuohe
and Amdo of the eastern Qinghai–Tibetan Plateau can
create wet soil and store about 16% of annual precipita-
tion (Zhang et al. 2003). At the few sites where the re-
constructed MAP is lower than the observed MAP
(Zhang et al. 2015) the local flora is expected to be short
of rainfall in terms of MAP. However, we think plants
still can survive and ordinarily produce their pollen due
to the complementary contributions from snowmelt and
permafrost thaw. On Qinghai–Tibetan Plateau, also an
arid and semi-arid ecosystem, species coexistence has
quite extraordinary mechanism that trees and grasses
could display differential access to the limited water
resource because their rooting systems can distribute
in different depths. This vertical niche separation mech-
anism is first proposed by Walter (1971) and then

approved by many studies (e.g. Cable 1969; Knoop and
Walker 1985; Kambatuku et al. 2013; Ying et al. 2017).
Of course, how the detailed mechanism of the hydro-
logic processes among rainfall, snowmelt and permafrost
works for plants should be investigated further in the fu-
ture. It would be helpful in correcting the discrepancy of
reconstructed MAP versus the observations in the
framework of CA. After all, large discrepancies occurred
in some cases (e.g., up to 214mm for site 23; Table 1).

3.3 Differences between air and blossoming temperature
Zhang et al. (2015) showed that the reconstructed temper-
atures, MAT, MTWA and MTCO, have warm biases in
most cases except for the sites closer to the south of plat-
eau, no matter what reconstruction way has been used.
RMSEs are 6.6 °C, 6.4 °C and 6.2 °C between the recon-
structed temperatures and the observed values for MAT,
MTWA and MTCO, respectively. These large errors not
only illustrate that the CA reconstructions of temperature
are problematic, but also lead us to inevitably ask the
question of why the reconstructed temperatures are so
much higher than the observations.
Harsh environments like low temperature seriously re-

strict plant growth (Sharma et al. 2005), especially on
Qinghai–Tibetan Plateau. Because of this, many plants
have very short growing periods around a year and are
suppressed and dwarfed in appearance as well. For in-
stance, several species of Salix live as a blanket covering
with a height of only decades of centimeters (Kang et al.
2011). Shrubs and herbs in such high altitudes could just

Fig. 4 Distributions of variability of the mean winter snow depth (cm). Redrawn from Qian et al. (2003). The sampling sites are the same as in
Fig. 1. Areas with different colors indicate the variability of the mean winter snow depth
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bloom and produce pollen during the growing season
when the air temperature (usually measured at ca. 1.5 m
height by air thermometer) exceeds the least temperature
requirement for the local flora. However, the recon-
structed MTWA (median of the coexistence interval) is
much higher than the real temperature. On the other
hand, the air temperature all year round is lower than the
soil temperature at 5 cm depth in the alpine meadow (Gu
et al. 2005). For example, if the air temperature is 9.1 °C,
the soil temperature at 5 cm depth can be up to 14.8 °C.
This means the temperature of blossoming that shrubs
and herbs on the plateau respond to could be much closer
to the soil temperature rather than the air temperature
(Fig. 5). As Gu et al. (2005) explained, energy flux changes
dramatically during the growth period compared to the
non-growth period. At the period of plant growth, latent
heat flux rapidly increases and sensible heat flux decreases
due to the increases in precipitation and vegetation.
This phenomenon could be particular relevant at sites
with the altitudes of less than 3000 m on the eastern
plateau. The actual mechanism of blossoming respond-
ing to temperature could be more complicated at other
sites from Zhang et al. (2015). For sites over 4000 m
altitude on the plateau, “snowball plants” like many
Saussurea species (Tsukaya and Tsuge 2001; Kita et al.
2004) and “glasshouse plants” like Rheum nobile
(Tsukaya and Tsuge 2001) often distribute. These plants
also showing dwarfism have their particular mecha-
nisms that allow them to bloom at low temperatures.

Snowball plants are characterized by very dense tri-
chomes on tightly packed bracts of inflorescences that
keep the inside warmer than the cold, outer environ-
ment; plants with “glasshouse-like” morphology have
developed into large translucent cream-colored bracts
that cover the inflorescences. These bracts also play a
critical role in protecting pollen grains from damage by
low temperatures (Omori et al. 2008, Wen et al. 2014),
and maintaining warmth inside the inflorescence (Tera-
shima et al. 1993). These morphological adaptations of
inflorescences for plants of the plateau that develop at
low temperatures are a convergent evolution as a result
of natural selection (Tsukaya and Tsuge 2001; Wen et
al. 2014). All in all, it may be easier to understand why
the reconstructed temperatures are so higher than the
observed temperatures, since we use the air
temperature to define the observed MAT, MTWA and
MTCO, in place of the temperature of blossoming.

4 Perspective
The climate reconstructions from modern pollen samples
on Qinghai–Tibetan Plateau (Zhang et al. 2015) suggest
that precipitation reconstructions are more accurate than
temperature reconstructions. The large uncertainties of
climate reconstructions by the method of CA arise by rea-
sons of the contamination of long-distance transported
anemophilous tree pollen, the complex hydrological dy-
namic among rainfall, snowmelt and permafrost and the
discrepancies between the air temperature and the

Fig. 5 Schematic illustration of the possible explanation of discrepancy between the reconstructed MTWA (mean temperature of the warmest
month) and observed values. The MTWA reconstruction result is redrawn from non-trees reconstructions of Zhang et al. 2015. Vertical bars with
black points indicate the coexistence intervals and their medians for reconstructed MTWA. The observations of MTWA are indicated as red points.
The altitudes of sampling sites are also shown in blue. The blossoming of shrubs and herbs in Qinghai–Tibetan Plateau may response to the air
temperature somewhere less than this height, rather than the air temperature at 1.5 m. Here it is named as the blossoming temperature. Air
temperature and soil temperature at 5 cm depth during the growth period of plants are from Gu et al. 2005
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temperature of plant blossoming. Not only these factors
influence the accuracy of modern climate reconstructions
on the plateau, but also the reconstruction method of CA
itself needs to be evaluated (Zhang et al. 2015) and im-
proved (Grimm and Denk 2012; Grimm et al. 2016). The
ability of CA to reconstruct modern climate does not
guarantee that this approach will offer satisfying recon-
structions of palaeoclimates on the plateau. Past climate
changes on Qinghai–Tibetan Plateau may have been even
more complex than anticipated (An et al. 2001, 2011;
Zhao et al. 2015). It may take a long time to sort out the
complicated influences from the abovementioned factors
before realistic palaeoclimate reconstructions based on
the CA are obtained. Nevertheless, our explorations sug-
gest that it is worthwhile to apply the Coexistence Ap-
proach to the palaeorecords of the plateau and have
provided some new insights of what factors may seriously
affect the (palaeo-)climate reconstructions. After all, reli-
able palaeoclimatic data are essential for interpreting the
controversially discussed uplift history of the Qinghai–Ti-
betan Plateau (e.g. Chung et al. 1998; An et al. 2001; Qiang
et al. 2001; Spicer et al. 2003; DeCelles et al. 2007; Sun et
al. 2014).
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