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1. INTRODUCTION

Relationship between vegetation and climate has been a hot spot in climate change researches since vegetation is a
key component of land ecosystem and direct reflection of integrated effect among temperature, precipitation and

5] For the time being, the cause of vegetation change mainly focuses on climate change, CO,

solar radiation
concentration, nitrogen deposition, land use and cover change caused by human activities and so on™ *”\. The
relation between vegetation growth and climate has been proved in both regional and global scales in earlier
researches. However, there are controversies and conflicts about the effect of climate on vegetation change. The
existing of time lag effects makes it more complicated to clearly understand the relation of them in different time
scale, which is indispensable to reveal interaction mechanism between vegetation and climate. There is no doubt
that time lag effect exists between vegetation and climate factors such as precipitation and temperature, but how

long the effective time period is and whether it presents in different time scales are still unknown now.

2. DATA SOURCE

Data involved in this study includes remote sensing data and meteorology data. Twenty-five-year
NOAA/AVHRR NDVI data from 1982 to 2006, originating from Global Inventory Modeling and Mapping
Studies in NASA Goddard Space Flight Center, with a spatial resolution of 8kmx8km and a temporal resolution
of 15 days. This dataset applies a set of internationally well-known geometric, atmospheric and radiometric

-9 In this study, we resample this data to a temporal resolution of one month using maximum

correction
composition. Besides, meteorological station data including precipitation and temperature in and outside the study
area China Meteorological Administration are adopted to analyze climate status in the study period. All these data
are spatialized using Kringing method to the same resolution as NDVI data.

3. METHODOLOGY

In this study, GIMMS NDVI data and meteorology data (precipitation and temperature) from 1982 to 2006 are
used to do time lag analysis between NDVI and precipitation/temperature for different vegetation types in Inner
Mongolia, in order to analyze the relation, time lag and accumulating effect between climate and vegetation in this

arca.



Based on an overview of periodic change in both vegetation and climate, time lag analysis is done in two
perspectives. First, whole-time-series NDVI and precipitation/temperature time lag analysis were done in two
spatial scales: pixel and vegetation type districts. The former aims to show spatial distribution characteristics and
the other to present differences among different vegetation types. Second, inter-annual time lag and accumulation
effects were studied in the growing season (from April to September) through time lag analysis of single month
and correlation analysis in accumulated months respectively. And this was done according to different vegetation

types.
4. RESULTS AND DISCUSSION

NDVI, precipitation and temperature represent periodic change from 1982 to 2006 in Inner Mongolia. Wave crest
and trough of NDVI lag behind those of climate factors. Whole-time-series time lag analysis of NDVI and climate
factors in pixel scale shows that precipitation and temperature affect most obviously in forest and meadow steppe,
and influence decreases from northeast to west. Correlation of NDVI and precipitation presents similar spatial
distribution to that of temperature. Comparing correlation coefficients in different time lags, because correlation
coefficients declines obviously when time lag is three month for both precipitation and temperature, climate in
current and previous two month affects vegetation growth more seriously. And the maximum effect period of
precipitation and temperature is two month. Difference appears for different vegetation types. Maximum
correlation coefficients appear when time lag is one month for northern warm-temperate deciduous forest,
southern temperate forest-meadow steppe, temperate typical steppe, and temperate shrub-grass semi-desert and
southern temperate. For other vegetation types, current month climate has more effects (Table 1).
<Table 1 near here>

Study of inter-annual time lag and accumulation effects in the growing season (from April to September)
shows that vegetation growth in different month is affected by precipitation in different period and even in the
same month vegetation growth is influenced by different period of climate for different vegetation types (Table 2).
Take northern temperate typical steppe and the relation between NDVI and precipitation for example. From April
to September, vegetation growth is affected mostly by the precipitation in April, the sum from February to May,
June, July, August and August, respectively. In the same month in the growing season, in April previous one
month precipitation advances vegetation growth; in steppe areas from May to July, accumulation of previous and
current month precipitation seems to be more effective; and in August and September, the amount of precipitation
in August plays an important role in the vegetation growth of the two month. While, temperature’s influence
concentrates in the starting period of the growing season, May and June.
<Table 2 near here>

Through the analysis above, we can clarify the influence of climate factors-precipitation and temperature- in
different growing period. It will help understand the relationship between vegetation growth and climate. As well,

it is meaningful to provide theoretical support to grassland management and degradation.
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Table 1 Correlation between NDVI and precipitation/temperature in different vegetation types through whole-
time-series time lag analysis

I 11 111 IV V VI VI VI

lag=0 P 07736 |072737 077317 | 0.8068" | 081717 |0.44977 |0.7580" | -0.4361"

T ]0.9084" |08327 |0.8588 |0.9003" |0.8581° | 041297 |0.7732" | -0.5451"
lag=1 P | 064377 ]0.7804" | 0.7824” | 0.74307 | 0.8390” | 0.6709” | 0.7896" | -0.2812"

T |08455° |0.8622 | 0.8726° | 0.8792" | 0.8896" | 0.5407" | 0.8348" | -0.4914"
lag=2 P 029377 1052907 ]049117 |040607 |0.53447 [0.5565° |0.5196" | -0.0911

T |0.5708" ]0.68007 |0.67027 |0.6372" |0.6976° | 052517 | 0.6862" | -0.3352"
lag=3 P |-0.0995 0.1085 0.0654 -0.0273 0.0822 0.2805 0.1088 0.0957

T |0.1359° 0.3323" 103036 | 02279 | 03316 | 037427 | 0.3634 | -0.0961
lag=4 P |-03847" |-02670" |-02929" |[-0.3592"" |-0.2967"" | 0.0037 -0.2112" | 0.2922"™

T |-03462" |-0.1099 -0.1504" | -0.2481" | -0.1242° | 0.1379" -0.0590 0.1628"
lag=5 P | -0.5527" |-0.4897" |-0.5107 | -0.5487 | -0.5333" | -0.2009" [ -0.4245" |0.3659"

T |-0.74207 |-0.5390" |-0.5760" |-0.6699" |-0.5591" |-0.1381" | -0.4761" | 0.3848"
While, P and T represent precipitation and temperature respectively; *, . are used to show the correlation coefficients which are significant
in 0.05 and 0.01 levels separately. Coefficient in bold is the maximum one for every vegetation type. I, II..... VIl represent vegetation

types in the study area and are expressed as follows. [ : South Cold-temperate deciduous Needle Leaf Forest; II: Northern Warm-
temperate Deciduous Forest; III: Southern Temperate Forest-meadow Steppe; IV: Northern Temperate Meadow Steppe; V: Temperate
Typical Steppe (V 1: Northern Temperate Typical Steppe; V2: Southern Temperate Typical Steppe); VI: Temperate Shrub-grass Semi-
desert; VII: Southern Temperate Desert Steppe; Vll: Temperate Shrub-semi-shrub Desert.

Table 2 Maximum inter-annual correlation coefficients between NDVI and precipitation in different months of

growing season and responding duration

I I il \Y Vi V2 VI VI VI
April P p3 p3 p4 pl p4 p3 p3 pl pl
R - 0.3389 0.3094 0.3023 0.1649 0.3556 0.2615 | -0.5357** | -0.4629*
0.5361**
May P p3 pS+pd+ pS p3 pS+p4+ p4 pS+p4+ p5+pd+ p4
p3+p2 p3+p2 p3+p2 p3+p2
R | -0.3434 0.0626 0.4407* | -0.3553 0.1444 0.4451 0.3832 0.2502 -0.2090
June P | p6+p5+ p6 p5+p4+ po+p5 p6 pS+p4+ | pS+pé+ p5+p4+ pS
p4+p3 p3 p3 p3 p3
R | 0.4357* 0.3766 0.4147* | 0.5845** | 0.2540 0.6513 | 0.5536** | 0.5945** | 0.4831*
July P | p6+p5+ po p5 p6+p5+ p7 p6+p5+ p4 p5 p7
p4 p4 p4
R | 0.3316 0.3261 0.2173 0.4578* 0.3203 0.5516 0.4361* | 0.6107** | -0.2061
August P p5 p8 p8 p8 p8 p7 p7 p7 po
R | 0.3848 -0.3816 -0.2893 -0.3218 -0.2103 0.2915 0.4507* 0.4430* | 0.4461*
September | P p7 p8+p7 p6 p7 p8 p8+p7 p8+p7 p8+p7 p8+p7+
po6
R - -0.3135 -0.3681 | -0.4404* | 0.2276 0.4243 0.4051* | 0.5538** | 0.5090**
0.5262**

While, P and R represent precipitation and correlation coefficient respectively; pl, p2

p9 are precipitation in January, February:«---+ ,

September; p5+p4+p3+p2 is the sum of precipitation from February to May; *, *" are used to show the correlation coefficients which are
significant in 0.05 and 0.01 levels separately; I, II..... Vil represent vegetation types in the study area and are expressed in Table 1.
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