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I. The main methods for 

quantitative risk assessment in 

past four decades in China 

 



Qualitative assessment 

Quantitative assessment 



 Over the past four decades, China has 

embraced the challenge to develop and 

integrate advanced Pest Risk Analysis 

methods, and to apply them systematically. 

 

 The greatest attention has been paid to 

developing quantitative risk assessment 

methods including potential geographical 

distribution, potential loss and invasion risk.  



 Three methods have mostly been practiced for 

estimating the PGD.  

 The Bio-Climatic Analog Distance Database was established in 

the 1980s and was applied mostly from 1988 into the 1990s.  

 The ‘Bio-Model+GIS’ was applied from 1994, mostly based on 

biological experiments.  

 Models such as CLIMEX, Maxent, DIVA-GIS and GARP were 

introduced into China from the 1990s, with CLIMEX and Maxent 

the more popular in the last 10 years. 

Potential Geographical Distribution 



Wei Shuqiu. The introduction of Bio-

Climatic Analog Distance Database. 

Acta Agriculturae Universitatis 

Pekinensis, 1984, 4:427-428.     

 The Bio-Climatic Analog Distance Database was 

established by Beijing Agricultural University (BAU, former 

one of CAU) in 1984. 

 It included 10 analog distances of 700 locations in China and 500 

locations in the world. 

 It could be used especially for the prediction of variety 

introduction and pests distribution.     



 The above database was 

applied to evaluate the potential 

geographical distribution of  

Hyphantria cunea, with 

collaboration between BAU and 

Plant Quarantine Institute of 

MOA (Jin et al.. 1988)  

 The database was applied to 

evaluate the potential geographical 

distribution of  Cernuella virgata, 

with collaboration between the 

Technical Centers of Fujian CIQ 

and Hainan CIQ (Zhou et al.. 2014)  



 The ‘Bio-Model+GIS’ was applied to 

evaluate the potential geographical 

distribution of  Cydia pomonella in 

China by BAU (Lin, dissertation, 1994). 

Based on the main climate factors, 

including temperature and rainfall. 

Based on the main climate factors and 

hosts distribution. 



The potential distribution in June, which 

based on the temperature, PH of soil and 

host distribution. 

 The ‘Bio-Model+GIS’ was applied to 

evaluate the potential geographical 

distribution of  Verticillium albo-atrum 

in China, with collaboration between 

the CAU and Xinjiang CIQ (Shao et 

al., 2006). 



 The CLIMEX and GIS was applied to 

predict the potential geographical 

distribution of Hyphantria cunea in China 

by BAU (Lin, thesis, 1991). 

Based on EI values for 3-level regions. Based on PDD for 1 to 4 generations. 



(Geng et al, 2011) 



 The MAXENT and GARP were 

applied to assess the potential 

geographical distribution of 

Radopholus similis in China by 

Chinese Academy of Agricultural 

Sciences (CAAS) etc. (Wang et al., 

2007). 

 The GARP were applied to 

assess the potential 

geographical distribution of 

Ageratina adenophora in China 

by Chinese Academy of 

Sciences (CAS) (Wang, 

dissertation, 2006). 



(Wang et al., 2017)     



 From the 2000’s deterministic multi-index 

models were developed to estimate the 

potential impacts of representative pests of 

agriculture and forestry.  

 Subsequently, stochastic models of potential 

loss based on @RISK model were developed.  

Potential Loss 



 The deterministic multi-index model was established in 

2004 for economic loss of forestry pests based on 3-level 

index by State Forestry Administration (SFA) （Su et al., 

2004; Chang et al., 2004; Zhao et al. 2004）. 



 The multi-index model was established in 2007 to evaluate the loss of 

Hyphantria cunea by SFA and Beijing Forestry University (BFU), 

including psychological impact loss and landscape aesthetics loss as 

the sub-index of noneconomic loss (Zhao et al., 2007) 



 The multi-index model was established in 2010 for evaluation of 

potential economic loss of Maize Chlorotic Mottle Virus (MCMV) 

by China Academy of Inspection and Quarantine (CAIQ) etc. 

based on prediction of potential geographical distribution (Rao 

et al., 2010). 

The potential geographical distribution of Maize 

Chloroticmottle Virus in China basing on CLIMEX 

The 3-level multi-index model for economic 

loss of Maize Chloroticmottle Virus in China 



 The stochastic model based on 

@RISK was developed in 2015 for 

evaluation of potential economic 

loss of Solanum rostratum to 

maize by CAU etc. (Wu et al., 

2015). 



 The most popular method for estimating pest 

invasion risk in China is Multi-Index Integrated 

Assessment of Pests.  

 PRA program from the end of 1980s. 

 It is a semi-quantitative method combining indices, standards 

and models. 

 It has become widely-used at national and provincial scales 

in China.  

 The ‘Scenario models+@RISK’ has been applied 

from 2000s. 

Invasion Risk 
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 The Multi-Index Integrated 

Assessment Model was published 

in 1995 for pest invasion risk 

assessment by Plant Quarantine 

Institute of MOA (Jiang et al., 1995). 

Distribution 

Potential 

harmfulness 

Host economic 
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spread 

Risk management 
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PGD 



 The Multi-Index Integrated Assessment Model was applied in 

2017 to evaluate the invasion risk of Lobesia botrana in China by 

Xinjiang Agricultural University (Li et al., 2017). 



 The Multi-Index Integrated 

Assessment Model was 

applied in 2012 to evaluate the 

invasion risk of Orobanche 

aegyptiaca in Xinjiang 

province by Shihezi University 

(Zhang et al., 2012). 



 The Scenario models+@RISK 

was applied preliminarily in 

2002 to evaluate the invasion 

risk of Tilletia controversa 

(TCK) in China by Animal and 

Plant Quarantine Institute of 

AQSIQ (Chen et al., 2002). 

 The Scenario models+@RISK 

was applied in 2010 to 

evaluate the introduction risk 

of 3 species of Ceratitis into 

southern China by 

Guangdong CIQ etc. (Li et al., 

2010). 



 A national international 

collaboration program  

during 2012-2014 

introduced ‘SOM+Matlab’, 

CLIMEX,  and ‘Scenario 

models+@RISK’ into China 

systematically. 

 Prof. Dr. Zhihong Li as the 

leading scientist. 

 Collaborations from 

CAU+CSIRO+USDA-APHIS-

CPHST+MOA-NATESC etc.. 

 How about the suitable 

quantitative methods to China? 
Visit of CAUPQL and training of PRA tech.,  

Dr. Kriticos and Dr. Paini (from CSIRO), Sep. 2012 

Visit of CAUPQL and training of PRA tech.,  

Dr. Caton and Dr. Fowler (from CPHST), Jun. 2012 

The Collaboration Program 



 More recently, an integrated technical method of 

quantitative risk assessment has been practiced. 

The quantitative technical system of pests risk assessment in China  

（Li et al., unpublished)  



II. The recent practices of 

quantitative risk assessment on 

economically important fruit flies 

in CAU 

 

 



500+ genera 

Over 4800 species 

About 1500 species 

damage fruits 

About 250 as 

EIFFs 

 In the trends of economic globalization and 

integration, EIFFs are spread more quickly and widely 

in the world, which are causing significant economic 

and biological losing of fruits.  



Import quarantine FFs: 5 genera + 5 species, by AQSIQ, 2007 

 Carpomya incompleta 

 Carpomya vesuviana 

 Monacrostichus citricola 

 Myiopardalis pardalina 

 Toxotrypana curvicauda 

 Anastrepha 

 Bactrocera 

 Ceratitis 

 Dacus spp. (non-Chinese) 

 Rhagoletis spp. (non-Chinese) 

 Bactrocera tsuneonis  

Domestic quarantine FF of forestry: 1 species, by SFA, 2009 

 Carpomya vesuviana 

Domestic quarantine FF of agriculture: 1 species, by MOA, 2009 

Export regulated FFs: 1 genus + 1 species, by AQSIQ 

 Bactrocera, eg. B. dorsalis, B. cucurbitae    

 The quarantine fruit flies regulated by China: 

 Drosophila suzukii 



 Main Techniques: technical system of quantitative 

risk assessment,  realized the decision support for 

quarantine.   

 Establishment probability: ‘SOM + Matlab’ , 180 EI fruit flies in 

118 countries (Qin et al., 2015, PLoS ONE). 

 Invasion probability: ‘Scenario model +@RISK’ , 2 EI fruit flies 

of Bactrocera (Ma et al., 2012, Sessor Letters; Fang, 2015, thesis)  

 Potential geographical distribution: ‘CLIMEX/ Maxent/Bio-

model + ArcGIS’ , 42 EI fruit flies (Ni et al., 2012, Bulletin of 

Entomological Research; Fu et al.,2014, Insect Science; Qin et al., 

2015, Applied Entomology and Zoology; Li  et al., 2015, CAU Press; 

Qin, 2017, dissertation). 

 Potential economic loss: ‘Scenario model + @Risk’ , 1 species 

of Bactrocera (Fang et al.,2015, Plant Quarantine ). 



The representative paper of establishment probability based on ‘SOM+Matlab’   

(Qin et al, PLoS ONE, 2015)  



The representative paper of invasion probability based on ‘Scenario model 

+@RISK’  (Ma et al, Sessor Letters, 2012)  

课程讲解文献/2012-Sessor Letter-Ma Xingli.pdf


The representative paper of potential geographical distribution based on 

‘CLIMEX+ArcGIS’   (Fu et al, Insect Science, 2014)  



The representative book of potential 

geographical distributions of 42 fruit flies 

based on ‘CLIMEX+ArcGIS’  

  (Li, chief editor, CAU Press, 2015, in Chinese)  



The representative paper of monthly potential geographic distribution based 

on ‘Bio-model + ArcGIS’  (Qin et al, Applied Entomology and Zoology, 2015)  



The representative paper of potential economic loss for industry based on 

 ‘Scenario model +@RISK’  
 (Fang et al, Plant Quarantine (in Chinese), 2015)  



 Establishment probability: by ‘SOM+Matlab’, 

especially the synonym and novel species, e.g., 

Bactrocera dorsalis. 

 Invasion probability: by ‘Scenario model+@RISK’, 

especially the unclear spread process, e.g., the flying 

ability and model.  

 Potential geographical distribution: by 

‘CLIMEX/Maxent/Bio-model+ArcGIS’, especially the pest 

adaptation and evolution, e.g., thermal plasticity. 

 Potential economic loss: by ‘Scenario model+@RISK’, 

especially the indirect economic loss, e.g., basic data.    

How about the questions we are facing  

for the PRA of EIFFs? 



III. Challenges, opportunities and 

prospects of PRA in China 



3 main challenges: 

 Trade, travel and E-commerce: 

especially the development of Silk 

Road Economic Belt and the 21st 

Century Maritime Silk Road. For 

pests: So free trip!  

 Pest data and quantitative 

methods: especially the species 

taxonomy, invasion mechanism, 

predictability and uncertainty. For 

scientists: So long way! 

 Phytosanitary measures: especially 

the regulated pests lists and sampling 

based on ALOP. For quarantine 

workers: So urgent requirement! 
If they are so strong …… 

(some part of TAAO’s logo). 

species complex + cryptic species + 

invasion mechanism 



3 main opportunities: 

 Education and research: a big 

team and financial support of plant 

quarantine and invasion biology, e.g. 

CAU, CAIQ, CAAS, BFU etc.  

 Prevention and management: 
regulation revision and regulate 

system of national and local levels, 

e.g., regulated pests list, common 

activities.   

 International collaboration: 
collaborations of international 

organizations especially on plant 

quarantine, e.g., FAO-IPPC, FAO-

APPPC etc. APPPC training, Jun. 2016 

FAO-IPPC workshop, Nov. 

2016 



3 main prospects: 

 To strengthen the education and 

research: especially the postgraduates 

+ national database  +  invasion 

mechanism + quantitative models as 

the basis of PRA.  

 To streamline the official 

prevention and control system: 
especially the revisions of regulated 

pest lists + sampling standards + other 

phytosanitary measures based on PRA 

among AQSIQ-MOA-SFA.  

 To promote the national, regional 

and international collaborations: 
especially the national programs + ICBI 

2017 + IPRRG meeting in Taiwan and 

Mainland of China + ISPMs on PRA. 
http://english.forestry.gov.cn/ 

http://english.aqsiq.gov.cn/ 

http://english.agri.gov.cn/ 
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BEST WISHES FROM CAU! 

LOOKING FORWARD TO MORE COLLABORATIONS 

AND PROGRESS ON PRA! 


